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CHLOROMETHYLATION OF ARYLALIPHATIC DISILOXANES 
THE SYNTHESIS OF CHLOROMETHYLBENZ YLDIMETHYLCHLOROSILANE 
AND ITS DERIVATIVES 


Corresponding Member AN SSSR K. A. Andrianov, 
A. A. Zhdanov, and V. A. Odinets 


(Translated from: Doklady Akademii Nauk SSSR, Vol, 130, No.1, 
pp. 75-78, 1960) 


Original article submitted September 30, 1959, 


The chloromethylation of aromatic hydrocarbons has been studied in detail by a number of investigators 
[1-6]. Chloromethylation of organosilicon compounds was first accomplished by A. V. Topchiev, N. S. Nametkin 
and co-workers [7], who synthesized chloromethylbenzyltrimethylsilane by the action of 35% formaldehyde on 
trimethylbenzylsilane in an aqueous or carbon tetrachloride medium at 40-50° in the presence of zinc chloride, 
Our investigations have shown that the chloromethylation of a benzyl group bound to a silicon atom can be suc- 
cessfully used for the synthesis of chloromethylbenzyldimethylchlorosilane, The chloromethylation of benzyldi- 
methylchlorosilane was carried out according to: 


4+ HCHO 4. HCI» 4+ 


Our investigations showed that this reaction proceeds smoothly in the absence of a catalyst in a medium of 
fuming hydrochloric acid using paraformaldehyde as the chloromethylating agent. 


When the chloromethylation was carried out in the presence of zinc chloride, the reaction was accompa- 
nied by secondary processes which led to the formation of viscous, undistillable products containing diphenyl- 
methane groups; the formation of these products may be represented as follows: 


ZnCl, 
CegHsCHe (CHg)2SiCIl + HCHO + HCl --— 


ZnCl 

~—CICHeCgH yCH SiC] 4+ + CygHsCHe (CHg)2SiC1 
CISi (CHg)2 CHeCgHyCH»CgH (CHs3)2SiCl + H,O > 

CHs 


| 
— |—O—Si—CH.2—< 
| 
CHs 


Isolation of pure chloromethylbenzyldimethylchlorosilane from the reaction mixture was accomplished by 
hydrolysis of the reaction products with an excess of water with subsequent resolution of the mixture of disiloxanes 
with concentrated sulfuric acid in the presence of ammonium chloride, the process proceeding according to: 


2CICH2CgH yCHe )3 SiC] 4+- HO (CICHgCgHy 4+ 2HCI 
(CICH2CgHyCH 2 (CH3)2Si)20 + 21 4+ > 
— (CH3)2 SiC] 4+ 2NHyHSO, + 


1 


The over-all yield of chloromethylbenzyldimethylchlorosilane calculated on the reacted benzyldimethyl- 
chlorosilane was 60%, while the yield based on the benzyldimethylchlorosilane introduced into the reaction was 

30%, Attempts to separate the chloromethylbenzyldimethylchlorosilane or the corresponding disiloxane by direct 
vacuum distillation of the water-washed chloromethylation products led to lower yields, since in this case it was 


difficult to fractionate the reaction mixture, probably owing to the formation of mixed disiloxanes according to 
the scheme; 


+ + H,O 
— + 2HCI. 


An investigation of chloromethylbenzyldimethylchlorosilane with the aim of studying its properties showed 


that it possesses all of the properties of haloalkylchlorosilanes, Upon hydrolysis with water, it readily formed the 
disiloxane according to the scheme: 


ICICHgCgH + + 2HCI 


bis(chloromethylbenz yl)tetramethyldisiloxane was isolated as a result of this reaction, Bis(acetoxymethylbenzyl)- 


tetramethyldisiloxane was prepared by the action of potassium acetate on bis(chloromethylbenzyl)tetram ethyldi- 
siloxane in 2 medium of acetic acid: 


(CIC + 2CHsCOOK — (CHsCOOCH + 2KCI. 


Upon hydrolysis of the bis(acetoxymethylbenzyl)tetramethyldisiloxane with aqueous~alcoholic alkali, 
cleavage of the acetate group occurred with the formation of bis(hydroxymethylbenzy1)tetramethyldisiloxane in 
the first stage of the process, and this compound then decomposed as a result of the catalytic action of the alkali, 


and probably also during distillation, with the formation of toluy! alcohol [methylbenzyl alcohol] and polydimeth- 
ylsiloxanes with terminal functional groups according to: 


(CHs)2Si),0 2NaOH — 


NaOQH+H,0 
2CHsCOONa -++ (CHg)2Si),0 an 
— HOCH gCgH,CHg Si (OSi + CH sCgHyCH,OH 


The properties of the products synthesized are presented in Table 1, 


EXPERIMENTAL 


The following materials were used in this work: benzyldimethylchlorosilane, b.p. 72-73°/7 mm, synthe- 


sized by the method previously described by us [8]; commercial paraformaldehyde, and chemically pure concen- 
trated hydrochloric acid. 


Chloromethylation of benzyldimethylchlorosilane, 55.5 g (0.3 mole) of benzyldimethylchlorosilane, 10 g 
(0.3 mole) of paraformaldehyde, and 100 ml of chemically pure concentrated hydrochloric acid were placed in 
the reaction flask which was fitted with a stirrer, a thermometer, and a reflux condenser, The reaction mixture 
was heated to 60°, and, with vigorous stirring, hydrogen chloride was passed into the reaction mixture for a period 


of 4-5 hours, The reaction mixture was then cooled, and the upper layer, which contained the chloromethyl- 
benzyldimethylchlorosilane, was separated, 


Hydrolysis of the chloromethylation products, 250 ml of water and a small amount of ice were placed in 
a separatory funnel; then, with vigorous agitation, the reaction mixture obtained in the preceding experiment was 
introduced into the funnel, When hydrolysis was complete, ether was added, and the ether layer was separated 
from the aqueous layer; the latter was extracted once with ether, and the combined ether extracts were washed 


with water and dried with sodium sulfate, The ether was distilled, and 60 g of liquid product containing impure 
bis(chloromethylbenzyl)tetramethyldisiloxane was obtained, 


Chloromethylbenzyldimethylchlorosilane, 24 g (0.45 mole) of ammonium chloride and 60 g (0.14 mole) 
of the bis(chloromethylbenzyl)tetramethyldisiloxane obtained in the preceding experiment were placed in a flask, 


60 g (0.6 mole) of sulfuric acid (sp. gr. 1.84) was added to the mixture, which was stirred and cooled with ice 
during the addition, The mixture was stirred for an additional 15-20 minutes after the addition of the sulfuric 
acid was complete; the liquid phase was then decanted from the precipitated ammonium sulfate, the upper layer 
was separated from the lower, sulfuric acid layer, and the reaction product was distilled under vacuum, 26 g of 


chloromethylbenzyldimethylchlorosilane was obtained; b.p. 133°/5 mm; 3° 1.1139, nD 1.5234, MR found 63.96; 
calculated 63,62, 


Found %: C 51.60, 51.56 ; H 6.26, 6.20; Si 12.53, 12.40; Cl 29.27, 29.12. CyHySiCl. Calculated % : 
C 51.55 ; H 6.05; Sf 12.03 ; Cl 30.40. 


Bis(chloromethylbenzyl)tetramethyldisiloxane, 100 ml of water was placed in a separatory funnel, and, 
with vigorous agitation, 46,6 g (0.2 mole) of chloromethylbenzyldimethylchlorosilane was introduced in small 
portions, When hydrolysis was complete, the ether layer was separated from the aqueous layer, washed with water, 
and dried with sodium sulfate, After distillation of the solvent, the reaction product was distilled under vacuum, 
22 g of was obtained; b.p. 232°/5 mm; d™4 1.0917; 1.5275; 
MR found 115.90; calculated 116.34, 


Found %: C 58.84, 58.20; H 7.03; 7.33; Si 13.47, 13.70; Cl 17.48. CopHogSi,Cl,O. Calculated So: C58.38; 
H 6.85; Si 13.63; Cl 17.23. 


Chloromethylation of benzyldimethylchlorosilane in the presence %f zinc chloride, 55.5 g (0.3 mole) of 
benzyldimethylchlorosilane, 10 g (0.3 mole) of paraformaldehyde, 5 g of zine chloride, and 100 ml of concen - 
trated hydrochloric acid were placed in the reaction flask which was fitted with a thermometer, a stirrer, and a 
reflux condenser, The reaction mixture was heated to 60-70°, and, with vigorous stirring, hydrogen chloride was 
passed into the mixture for a period of 4-5 hours, The reaction mixture was then cooled, and the upper layer, 


which contained the chloromethylation product, was separated; the products were then hydrolyzed by the method 
described above, 


When an attempt was made to vacuum distill the hydrolysis product, heating of the reaction mixture con- 
verted it to a viscous, undistillable polymer 


Found % ; C 68.93, 68.70 ; H 8.26, 8.16; Si 16.62, 16.77 
CH 


| | 
Calculated % C 69.88; H 8.02; Si 17.19 
| | 

Cllg CHe 


Bis( acetoxymethylbenzyl)tetramethyldisiloxane, 21 g (0.05 mole) of bis (chloromethylbenzyl) tetramethyldi- 
siloxane, 12,01 g (0.1 mole) of anhydrous potassium acetate, and 100 ml of glacial acetic acid were placed in 
the reaction flask, The reaction mixture was stirred for 10 hours at 118-120°; the reaction product was then fil- 
tered to remove the potassium chloride, and the filtrate was washed free of acetic acid with water and dried with 
sodium sulfate; after distillation of the solvent, the reaction product was distilled under vacuum. 15 g of bis- 


(acetoxymethylbenzyl)tetrame thyldisiloxane was obtained; b.p. 268-270°/5 mm; a”, 1.0622; np 1.5130; MR 
found 129,76; calculated 129.01, 


Found >: C 62.63, 62.45; H 7.55, 7.49; Si 12.92, 12.15; OCOCH, 25.34, 25.20; Cy4Hy4Si,Os - 
Calculated % ; C 62.84; H 7.47; Si 12.32; OCOCH, 25.74 . 


Hydrolysis of bis(acetoxymethylbenzyl)tetramethyldisiloxane, 13 g (0.028 mole) of bis(acetoxymethyl- 
benzy1l)tetramethyldisiloxane 3.01 g (0.056 mole) of potassium hydroxide, and 30 g of freshly distilled ethyl al- 
cohol were placed in the reaction flask, and the reaction mixture was refluxed for one hour; the reaction product 
was then transferred to a separatory funnel , washed with water, and dried with sodium sulfate, During the vacuum 


distillation, partial decompo:ition of the product and an appreciable increase in the viscosity of the kettle residue 
occurred, 


In a second experiment, the residue remaining after distillation of the solvent and volatile substances was 
analyzed, 


| 


TABLE 1 


Content, To 


calc, | 


{found calc. |found |cale. |found |calc. |found | cale. 


60 | 51,55 


| 
25,74 


25 


| 2: 


63 | 62,84 | 


1,5234| 63,96 63,62) 51 


| 


75 |115, 90 


1,52 
1,5130 


| 
| 


76/129, 01) 62 


| 


1,1139 


Chloromethylbenzyldimethylchlorosilane 


~ 
> 


tetramethyldisiloxane 


Bis(chloromethylbenz yl) 


| 268—270°/5 


zyl)tetramethyldisiloxane 


meth ylbenzyl) 


(CH3C 


Bis( acetox 


Found % ; C 59.88, 60.06; H 8.23, 8.32; Si 18.15, 17.98; 
OH 6.24, 6,21. 


For bis(hydroxymethylbenzy1)tetramethyldisiloxane the cal- 
culated contents of C, H, Si, and OH group are, in percent: C, 64.12; 
H,8.07; Si, 14.98; and OH, 9.07; while for the trimer of the formula 


CH; CHs CHs 

| | | 
HOCH -- O—Si — O — 

| | | 

CH; CHs CHs 


the calculated contents are: C, 58.88; H, 8.08; Si, 18.76; and OH 7.57. 
The analytical data show that the elemental composition of the prod- 
uct of the hydrolysis of bis( acetoxymethylbenzyl)tetramethyldisil - 
oxane {s close to that of the trimer. 
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AN INVESTIGATION OF THE METALLIC COMPOUNDS FORMED 
BY THE INTERACTION OF A FIVE-COMPONENT NICKEL 
SOLID SOLUTION WITH TITANIUM CARBIDE 


R. B. Golubtsova and L. A. Mashkovich 
A. A. Baikov Institute of Metallurgy Academy of Sciences, USSR 
(Presented by Academician I, P, Bardin, August 14, 1959) 


(Translated from: Doklady Akademii Nauk SSSR, Vol. 130, No.1, 
pp. 79-81, 1960) 


Original article submitted July 20, 1959, 


The literature contains a number of reports describing studies devoted to the investigation of the interaction 
of difficultly fusible compounds, such as carbides, with metal solid solutions [1,2]. 


The present authors, using the method of intermetallide analysis, established the presence and composition 
of metallic compounds in alloys consisting of a six-component nickel solid solution and titanium carbide [3]. 
I. I. Kornilov, L. I. Pryakhina and O, V. Ozhimkova studied the interaction of a five-component nickel solid so- 
lution with titanium carbide in alloys which did not contain niobium, In the present work, the metallic compounds 
arising in these alloys were studied, 


In the system studied, it is most probable that titanium carbide or phases based on this carbide are formed, 
In this case, other metal carbides can enter into solid solutions with titanium carbide, The ability of carbides to 
form solid solutions was noted long ago by numerous authors [4-6]. Carbides always form continuous series of 
solid solutions with the same crystal structure (isomorphic) if the difference in the lattice periods {s not particular - 
ly great. The carbides of the metals of Groups IV and V of the periodic system, on the one hand, and the carbides 
of the metals of Group VI, on the other hand, can provide only limited mutual solub ility as a consequence of the 
difference in crystal structure, 


Samples of the alloys prepared by L, I, Pryakhina and O, V. Ozhimkova were soaked at 1200° for 115 hours, 
and were then quenched by cooling in water, In order to determine whether these alloys contained an intermetal- 
lide phase, electrochemical solution of the alloys was carried out in the electrolyte previously proposed by us and 
consisting of 50 ml of HNO; and 20 ml of HC1O, in 1000 ml of water; the current density was 0.1 amp sq/cm [7]. 
Our experiments showed that none of the alloys investigated contained an intermetallide phase, 


Isolation of the carbide phase was carried out in an electrolyte consisting of 100 ml of HCl] (1.19), 100 g of 
citric acid, 5 g of succinic acid, and 1000 ml of water, at a current density of 0.5 amp /sq.cm , and with ice 
coolant [7]. In the alloy containing 0.1% TiC, separation of excess phases was not observed, and in this connec- 
tion it is evident that this alloy was a homogeneous solid solution based on nickel, Phase analysis of the alloys 
containing 1,00, 4,00, and 8.00% Tic showed that a carbide phase of complex composition was present in these 
alloys, 


Results of the chemical analysis of the carbide powders separated are presented in Table 1, It is interesting 
to note that only traces of nickel and insignificant amounts of aluminum were present in the carbide powders, 
This indicates that these two elements, which form less stable carbides than Ti, W, and other metals, are not part 


| 


of the composition of titanium carbide, As may be seen from the data presented in Tabie1, titanium predomin- 
ates in the carbide phase, Metals, in the form of carbides enter into the composition of the titanium carbide 

solid solution, The total content of the carbide-forming elements Ti, W, Mo, and Cr was 52-54 atom per cent, 
and the C content was 44-46 atom per cent, Thus the ratio of the total carbide~forming elements to carbon was 


very close to 1:1, In this case, a formula of the type MeC can be assigned to the carbide phase, and the formula 
may be written as Ti&(W, Mo, Cr)C, 


TABLE 1 


Chemical Composition of the Phases Separated from the System y-TiC 


C 


42,99 | 12,30 | 2° 99,96 | 54,23 
38,63|44,07| 5,4 99,99 4, 


44,87 |'12,97 | 22,,5$ 99,95 
39,28] 45,28] 5,1 3 | 99,99 


46,95 | 13,66 | 2 ¢ 100,23 


8,0 214 39,77 |46,15| 4,6. BY 100,00 


Notes. re Values above the line are expressed in wt. %; those under line are in atom %, 
2. Traces of nickel were observed in all phases. 


TABLE 2 


Sample with 1.0% TiC | Sample with 4.0% TiC | Sample with 8.0% TIC 
Proposed Me con-|Amt.Cre- | Me con- |Amt.C re- | Mecon- |Amt. C re- 

F tent in quired (by tent in re ulred (b tent in required (by 
carbide {carbide | formula) carbide carbide formula) 
formula phage, at. | at, % phase, at. % | at, % phase, at.%| at, % 


TiC 38,63 39,28 39,28 39,77 
WC 5, 43 5,15 5,15 4,62 
MoC 9. 9: 7,10 7,10 6,44 
Cr4C 5 2.05 0,51 1,71 


Total 


52,56 52,04 
Found 44,07 45,28 


C deficit | 8,49 | 6,76 


TABLE 3 According to the x-ray data*, the carbide phase 


TIC content Carbide had a face-centered cubic lattice of the TiC type with 
in sample, % the parameter a = 4,30-4.32 kX. If the formula of the 
Tic WC Moc complex carbide is written in the form of individual 

| carbides forming solid solutions, TiC, WC, Moc, and 
1.0 17,26 10.86 Cr4C, it is possible to calculate the (theoretically) re- 
4.0 78.56 10.30 quired amount of carbon (Table 2) and the individual 
8.0 79,54 9.24 carbide content of the anode powders (Table 3), 


*The x-ray analyses were carried out by A. Ya. 
Snetkov, 


| \ 
con- |Expt. 
: tent of No. Ti | WwW Al Cr Mo Total eX Me: C 
alloy 
4 | | | 
? 1,0 | 24 
53,58 
4,0 23 45,2871»! 
39,77 
4,62 
6,44 
0,43 
| | 46,15 | 
4 
6 


Thus, it may be considered proven, by the intermetallide method of analysis, that in the multicomponent 
system formed by the alloys of the compositions studied, only two phases participate in the equilibrium: a five- 
component nickel solid solution and a titanium carbide solid solution, 
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THE ISOMERIZATION OF CERTAIN HEXENES 


IN THE PRESENCE OF ALUMINUM OXIDE 


Academician B. A. Kazanskii, I. V. Gostunskaya, 


and N. B. Dobroserdova 


M. V. Lomonosov Moscow State University 


(Translated from: Doklady Akademii Nauk SSSR, Vol. 130, No.1, 


pp. 82-85, 1960) 


Original article submitted September 28, 1959, 


There are presently known many reactions which are catalyzed by substances having an acidic or basic na- 
ture, the action of which is due to an acid-base interaction between the catalyst and the substance undergoing 
catalytic conversion [1], Among such reactions are, for example, those in which multiple bonds in olefinic hydro- 
carbons are shifted; these reactions are catalyzed both by acid substances [2] (mineral acids, salts of strong acids 
and weak bases, aluminum oxide, etc.) and by substances having basic properties [3] (amides of the alkali and 


alkaline earth metals), 


According to contemporary concepts of the mechanism of these reactions, isomerization under the influence 
of acid catalysts proceeds through the intermediate formation of carbonium ions (4, 5}: 


HA 
CH —CH, — (Cie — — CH CH RI 


while isomerization under the influence of metal amides proceeds through the intermediate formation of carban- 
ions [3] 


\eNH 


CH, = CH — CH, — CH; — R CH — — CH, — R] NH 


The same olefin can behave differently in accordance with the particular type of catalyst used, 


TABLE 1 


Expt. No. Initial hexene 


Space rate, 
hr_ 


Isomer- 
ization, 


%Jo 


Equil, 
conc,.of 
isom. 
prods,at 
80°, %o 


2-Methyl-1-pentene 
2,3-Dimethyl-1- 
butene 
1-Hexene 
Same 
3-Methyl-1-pentene 
Same 
4-Methyl-1-pentene 
Same 


84 


17 


98 


2.6 62 |_| 
2 
2.6 49 |_| 
3 2.6 0 
0,23 20 | 
4 2.6 0 
0.23 12 99.5 
: 5 2.6 0 
0.23 | 4 99.5 
9 


We have previously investigated the effect of the structure of monoolefins on the ease with which they are 
isomerized in the presence of a basic catalyst — potassium amide — and it was established that, under otherwise 
equivalent conditions, the rate of isomerization depends on the extent to which hydrogen atoms in an ally] posi- 
tion are substituted [3]. The effect of the structure of the monoolefin on the relative rate of double bond shifting 
in the presence of an acid catalyst — aluminum oxide — was studied in the present work, 


Isomerization was carried out at 80° and space rates of 2.64 hours” and, with difficultly isomerizable 


hexenes, 0.23 hours“*, The relative isomerization rates were determined from the olefin conversions under the 
same conditions, 


The results of the experiments are presented in Table 1, For comparison, the calculated equilibrium con- 


centrations of isomerization products differing from the original olefin in the position of the double bond are 
also presented, 


The data of Table 1 clearly indicate a difference in the behavior of the hexenes; the first two isomerize 
rapidly, and, on the contrary, the latter three isomerize very slowly. 


The ease with which the 2-methyl-1-pentene and the 2,3-dimethyl-1-butene isomerize may be explained 
by the presence of methyl groups at the double bonds; these groups are electron donors and thereby facilitate the 
addition of an electron to the olefin with the formation of a carbonium ion, The remaining three hexenes, which 


do not have an alky] substituent at the double bond, form carbonium ions more difficultly and, consequently, iso- 
merize more slowly, 


These results permit proper selection of the catalyst and experimental conditions for an olefin of a given 
structure, and, in addition , they also permit avoidance of an undesired isomerizing effect of a substance with 
acid properties when carrying out other reactions (hydrogenation, alkylation, etc.), 


EXPERIMENTAL 


Characteristics of the initial hexenes. 1-Hexene; b.p. 63.20°, nD 1.3880; &, 0.6731, 2-Methyl-1-pen- 
tene; b.p. 62,2°, nD 1.3922; 0.6803, 3-Methyl-1-pentene: b.p, 54,23 1.3848; 0.6673, 4-Meth- 


1-1-pentene: b.p. 53.8°, 1.3830; d?°, 0.6641. 2,3-Dimethyl-1-butene: b.p. 55.7°, 1.3907; 0.6778. 
y P p 4 y P 4 


TABLE 2 


20 20 
d 
Olefin aa 4 


cis-2-Hexene 1.3977 0.6869 
trans-2-Hexene 1.3935 0.6784 
2-Methyl-2-pentene 1.4004 0.6863 
cis-3-Methyl-2- 
pentene 1.4045 0.6986 
trans-3-Methyl-2- 
pentene 1.4016 0.6942 
cis-4-Methyl-2- 
pentene 1.3880 0.6690 
trans-4-Methyl-2- 
pentene 1.3889 0.6686 
2,3-Dimethy1-2- 
pentene | 1.4122 0.7080 


EXPERIMENTAL METHOD 


Experimental method. The isomerizations were carried out in a flow system at 80 , space rates of 2.64 
hours~* and 0.23 hours~!, over aluminum oxide activated in a stream of air at 450° for 4 hr before each expt, 
80 ml of the olefin was used in each isomerization; 60 ml of catalyzate was collected after a steady state had been 


| 
10 


established in the reactor, and this material was fractionated in a column of 80 theoretical plates. The hold-up of 


the column was 1 ml. The density and index of refraction were determined for each fraction. The properties of 
the residues were determined after an additional distillation from a flask. Table 2 presents the physical properties 
of the hexenes having the double bond further away from the ends of the molecule; these hexenes are possible 


products of double bond shifting in the original olefins [6]. 


TABLE 3 
Fraction |B.p., deg C | 20 20 | Fraction 
No. 760 mm No. 


2-Methyl-1-pentene 


62,1—62,3 3,7 [1,2922]/0, 6802 1 
62,4—67,0 | 5,7 |1,3965]0,6850) 63,5—67, 
3 67,1—67,3 | 16,2 |1,4007)/0, 6863 3 | 
Residue 2,4 |1,4015)0, 6884 
2,3-Dimethyl-1-butene 3-Methyl-1-pentene 
1 55,38—55,4 | 18,1 |1,3903/0,6777 { 53,7—54,3 
2 55,8—73,0 | 5,3 |1,4020/0,6936 2 54,4—70,4 
3 73,1—73,2 | 9,3 |1,412310, 7084 
Residue 6,8 |1,4130 0,7091|| Residue 


B.p., deg C | 
at 760 mm | 


62,3—635,4 


67, 6—68, 


Fig. 2, Distillation curves of isomer - 


50 
56 
54 52 
— 0 
50 
56 ization products obtained at a space 


20 40 60 80 
Vol. %o 

Fig. 1. Distillation curves of is omer- 

ization products obtained at a space rate 


rate of 2.64 hours”: II1) 1-hexene; IV) 
3-methyl-1-pentene; V) 4-methyl-1- 
pentene, 


Isomerization of 2-methyl-1-pentene at a space 


of 2.64 hours”: I) 2-methyl-1-pentene; 


I) 2,3-dimethyl-1-butene rate of2.64hr-1. The distillation curve (1) is shown in 


Fig.1, and the properties of the resulting fractions are 

presented in Table 3, 

of the fractions with those of the hexenes in Table 2 shows that the 1st fraction consisted of the original 2-meth- 
yl-1-pentene, while the 3rd fraction and the residue (and, consequently, the material held up on the packing) 

was 2-methyl-2-pentene, Calculation of the composition of the catalyzate on the basis of these data shows that 


it consisted of 38% 2-methyl-1-pentene and 62% 2-methyl-2-pentene. 


A comparison of the properties 


Isomerization of 2,3-dimethyl-1-butene at a space rate of 2,64 hours~!, The distillation curve (II) is shown 


in Fig. 1, and the properties of the fractions are presented in Table 3. Calculations similar to the above show that 
the catalyzate consisted of 51% 2,3-dimethyl-1-butene and 49% 2,3-dimethyl-2-butene, 


Isomerization of 1-hexene, 3-methyl-1-pentene, and 4-methyl-1-pentene at a space rate of 2.64 hours~, 


The distillation curves (III, IV, and V) for the catalyzates of these three hydrocarbons, which are shown in Fig.2, 


show that these hydrocarbons do not undergo any appreciable isomerization under the given conditions. 


| 
| 1-Hexene 
80}0, 6731 
,6750 
16:20, 6829 
6674 
1901/0, 6879 
5210, 69533 
6 
= 
| 
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Isomerization of 1-hexene at a space rate of 0.23 hours, The distillation curve (VI) is shown in Fig. 3, 
and the properties of the resulting fractions are presented in Table 3, Calculation of the product composition on 
the basis of the distillation curve and the data presented in Tables 2 and 3 shows that the mixture consisted of 
80% of the original 1-hexene and 20% 2-hexenes. 


Isomerization of 3-methyl-1-pentene at a space rate of 
° 0,23 hours . The distillation curve (VII) is shown in Fig.3, and 
72 the properties of the fractions are presented in Table 3. The first 
fraction was 3-methyl-1-pentene, and the 2nd fraction and the res- 


i idue was a mixture of the original hexene with 3-methyl-2-pen- 
: / tene, which was present in the catalyzate to the extent of ap- 
54 4 roximately 12%, 
; 60 Isomerization of 4~methyl-1-pentene at a space rate of 
0,23 hours“, The distillation curve is shown in Fig.3. The dis- 
56 J tillation yielded the original 4-methyl-1-pentene (34.6 g) and a 
Y residue (3.0 g) which had higher properties: n*°p 1.3900 and d™, 
59\” 0.6769, apparently due to the presence of 4-methyl-2-pentene, 
“0 20 W 60 & tM the content of which in the catalyzate did not exceed 4%, 
Vol. % 
Fig. 3, Distillation curves of isomer- 
ization products obtained at a space LITERATURE CITED 
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ON THE SYNTHESIS OF POLYORGANOSTANNOXANES 


M. M. Koton and T. M. Kiseleva 
Institute of High-molecular Compounds, Academy of Sciences, USSR 
(Presented by Academician A. N. Nesmeyanov, June 20, 1959) 


(Translated from: Doklady Akademii Nauk SSSR, Vol, 130, No.1 
pp. 86-87, 1960) 


Original article submitted January 14, 1959. 


Over the past few years, there has been an increase in the interest in organotin compounds, which have 
found widespread practical application in the stabilization of chlorine-containing polymers, Recently, low- 
molecular-weight tin-containing polymers have come into use for this purpose [1,2]. In view of the lack of in- 
formation in the literature (aside from patents) on the synthesis of polyorganostannoxanes, which contain the 
= Sn—-O-Sn= group in the main chain, we undertook an investigation of the possibility of preparing such tin- 
containing polymers, The polycondensation reaction previously usedsuccessfully by Andrianov [3] and by 
Henglein [4] for the synthesis of various polyorganostannosiloxanes was used for the present preparation, 


We studied the reaction of normal and isobutyltin diacetates with tetraethoxytin, the —Sn—O-—Sn bonds 
arising through the interaction of the acetate and ethoxy groups according to the equation; 


UC3Hs 


| 

CH gCOO — Sn — OCOCH + Cglls — O —Sn—O CoHs > 
| | 
CyHo 


OC2Hs 
| | 
CHsCOO | — Sn —O —Sn— -+ CH3sCOOC,Hs 
| | 
CyHy 


Polymer (I) was isolated in the form of a light yellow powder with a softening point of 70-75° (in the case 
of (i-C4Hy)gSn(OAc),) or 60-70° (in the case of (n-C4Hg)ySn(OAc),). The molecular weight of polymer (I) was 
1890-1990 (calculated for the tetramer, 1936), Thus, under the experimental conditions used, a linear low-mo- 
lecular-weight (n = 4) polyorganostannoxane was formed, The polymer is hydrolyzed by heating with water 
with the formation of an insoluble, infusible compound (Il) of the composition; 


C,H» 
| 
HO |—Sn—O 
| 
Cally 


| 
oJ, 
13 


EXPERIMENTAL 


The dibutyltin diacetates were prepared from the corresponding dichlorides [4]. The diisobutyltin diacetate 
was a liquid with a b. p. of 140-141° (10 mm). 


Found%; $n Calculated %: Sn 33,9, 
The di-n-butyltin diacetate was a liquid with a b.p. of 146-147° (10 mm); 1.4707, 


Found %: C 46.30; H 7.19; Sn 34.21. CyHO,Sn . Calculated %: C 46.72; H 6.81; Sn 33.93. 


The tetraethoxytin was prepared by the method of Meerwein and Bersin [5], 


Interaction of (CyHsO),Sn with (i ~C4Hg )gSn(OCOCHg), at a mole ratio of 1:1. The reaction mixture was 
heated on a glycerol bath at 140° for 28 hours in astream of inert gas; the ethyl acetate was distilled as it was 
formed, and the amount collected was 74.6% (of theoretical), Treatment of the polycondensation product with 
benzene yielded an insoluble crystalline precipitate which was infusible (up to 250°) and which contained 57,9- 
58.1% Sn. A light yellow polymer with a softening point of 70-75° was isolated from the benzene solution, The 
molecular weight of this material, determined cryoscopically, was 1890 (calculated for the tetramer, 1936), 


Found % ; C 30.02; H 5.78; Sn 50.41. Calculated % C 32.22; H 6.19; Sn 49.17. 


Hydrolysis of the polymer by refluxing with water gave a white, insoluble and infusible product. 
Found % Sn . Calculated %: Sn 60.63, 


Interaction of (CzHs04Sn with (n-C4Hy)gSn(OCOCHs),. The conditions were the saine as those used for 
(1-C4Hy )gSn(OCOCHg)g. An insoluble and infusible precipitate containing 56,71-57,2% Sn was obtained, A light 
yellow polymer with a softening point of 60-70° was isolated from the benzene solution, The molecular weight 
(cryoscopic) of the polymer was 1991, 


Found %; Sn 50,1, Calculated %: Sn 49.17. 
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One of the still unsolved problems in the field of francium chemistry is the contemporary problem of its 
separation from cesium and rubidium, The method having the best prospects for this separation is ion-exchange 
chromatography, However, a chromatographic method employing complex formers, which provides rapid separa - 
tion of other elements, cannot be used for these elements. All of the methods described in the literature for the 
separation of cesium and rubidium [1-4] by displacement chromatography are very time consuming and are not 
always effective. They cannot be used for the separation of francium from cesium and rubidium, since the long- 
est-lived isotopes of francium, Fr? and Fr’3 , have half lifes of about 20 minutes, 


With the aim of finding a rapid and effective method for the separation of francium from cesium and rubid- 
ium, we have studied, under static conditions, the distribution coefficients between KU -2 cation exchange resin 
and solutions of various electrolytes as a function of their concentration [5], In spite of the fact that there is a 
considerable difference in the distribution coefficients of francium and cesium in hydrochloric acid solutions in 
the presence of this resin, it was not possible to separate these elements, 


Recently, B. K, Preobrazhenskii reported [6] that rapid separation of cesium and rubidium is possible by 
means of KU-1 resin, KU-1 resin is a strongly acid, bifunctional cation-exchange resin in which the basic ac- 
tive groups are SO;H and OH [7]. In order to determine the optimum conditions for the effective separation of 
francium, cesium, and rubidium by means of this cation exchanger, we determined the distribution coefficients 
between KU-1 resin and HCI solutions of different concentrations, The H+ -form of the resin with a particle size 
of 200-250 mesh was used; separate portions of this resin were first brought into equilibrium with the solutions 
investigated, Tracer amounts of Fr2!? were used; these were separated from the products of the irradiation of Th 
with 660-Mev protons by the method described in reference [8]; 10° — and 10% M solutions of cesium and rubid- 
ium containing Cs! and Rb®, respectively, were used, Preliminary experiments showed that agitation of the 
resin with the solution for 5-10 minutes was sufficient to establish equilibrium. Measurement of the 6 -activity 
was carried out with a T-25 BFL end-window counter, while the a-activity was measured with a scintillation 
counter employing a ZnS (Ag) crystal and an FEU-19 photomultiplier tube, 


The experimental results are presented in Fig. 1. A significant decrease in the value of Kg with an in- 
crease in the HCl concentration up to 5-6 M was observed, Ky remained practically constant in the concentra- 
tion region 6-11 M owing to partial dehydration of the ions, The greatest difference in the values of Kg 
for a pair of neighboring elements occurred at HCl concentrations of 5-6 M and in dilute solutions ( ~ 0.7 M); 


the separation factor for francium and cesium, which is equal to the ratio of their K , values, was 2 and 3 for 


these concentrations, respectively. This fact provided a basis for setting up experiments on chromatographic 
separation in a column using the solutions indicated above, 


KU-1 resin with a particle size of 200-250 mesh was charged to a 13 X 0,3-cm column, and was brought 
into equilibrium with the HCl solutions; the sorption of Fr, Cs, and Rb from 0,05-0.1 ml of solution was then 
carried out. Uniform concentrations of HC! were used in all of the operations, including elution , 


HCI—— Number of drops 

Fig. 1. Curves showing the dis- Fig. 2. Chromatogram of the separation of Fr, 

tribution coefficients of Fr, Cs, Cs, and Rb with 5.5 M HCI solution, Rate, 3 

and Rb between KU-1 resin and drops/ minute, 1) 6 -activity; 2) a-activity. 

HC] solutions as a function of the 

HCl concentration, 


Figure 2 presents the chromatogram for the separa- 
tion of francium, cesium, and rubidium by elution with a 
5.5 M solution of HCl; this chromatogram indicates highly 
effective separation, The tim® for the separation of all three elements was 30-50 minutes, depending on the 
rate of flow of the solution. 


The separation of Cs and Rb in an 0,7 M HCl solution was also efficient, but several hours (4-5 hours) were 


required, Therefore, a 5.5 M solution of HCl is the most satisfactory for the rapid separation of francium, cesium, 
and rubidium, 


Thus, the separation of the most active metal in the periodic system of D. I. Mendeleev from its analogs — 
cesium and rubidium — has been accomplished for the first time. 


The authors express their appreciation to M. N. Povysheva for assistance in the work, 
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We have previously reported [1,2] that the product of the reaction of dimedon with fodobenzene — phenyl - 
dimedonyliodone (I) — decomposes readily at elevated temperatures with the formation of iodobenzene and the 
phenyl ether of iododimedon (II), while in the presence of pyridine and silver nitrate, the decomposition prod- 
ucts are phenol and the silver salt of iododimedon . In connection with the preparation of iodonium salts of 
enol ethers of dimedon , it was of interest to investigate the course of their decomposition and to compare it 
with the course of the decomposition of phenyldimedonyliodone, and also to study the possibility of preparing 


new derivatives of dimedon , The cleavage of iodonium salts is presently used for the preparation of aryl onium 
[3,4] and organometallic [5-10] compounds, 


Both phenyldimedonyliodone and phenylalkoxydimedonyliodonium salts are typical unsymmetrical iodo- 
nium derivatives and can undergo cleavage with rupture of the carbon—iodine bond in two directions and by two 
mechanisms — heterolytic and homolytic [3,4]. The mechanism by which iodonium salts are cleaved depends on 
the nature of the participating reagent, the salt-forming anion, andthe solvent. Thus, it is known that cleavage 

of fluoborates in the presence of tertiary nitrogen derivatives, phosphorus, etc, proceeds by a heterolytic mech- 
anism according to the scheme [3}: 


y, 


BFS 


BFS 


Cleavage in different solvents in the presence of anions can take place either homolytically or hetero- 
lytically depending on a number of conditions (the extent to which the anionis nucleophilic, the catalyst, the 
solvent), and clarification of the true mechanism is difficult [11-13], 


Cleavage takes place homolytically in the presence of certain metals, but polar factors due to the sub- 
stituents have a considerable effect [5, 7, 8, 10]. Reutov has discussed a possible heterolytic mechanism [8]. 


The cleavage of phenyldimedonyliodone was investigated in dioxane, pyridine, and water solutions, In all 
cases, rupture of the iodine—oxygen bond followed two courses with the formation of a mixture of the phenyl 
ether of iododimedon and iodobenzene (Table 1). 


bo 86 
oO xe) R 
CH 
19 


The yield of the silver salt of fododimedon during the cleavage of phenyldimedonyliodone in aqueous 
solutions in the presence of pyridine and silver nitrate depended both on the amount of pyridine and on the amount 
of silver nitrate (see Table 2), Appreciable amounts of iodobenzene were not formed in this reaction, 


The cleavage of phenyl (O-ethyldimedony])iodonium bromide and fluoborate (III, R = CgHg, X = Br’ or BF,”) 
was investigated in aqueous solutions in the presence of certain anions (Br~, NO)”, s*-,OH™). The phenyl(O- 
ethyldimedonyl)iodonium bromide was also cleaved in the presence of mercury, and the fluoborate was cleaved 


in pyridine solution, Llodobenzene was isolated in all cases, and in some cases it was also possible to detect di- 
medon derivatives, The results are presented in Table 3, 


TABLE 1 
Cleavage of Phenyldimedonyliodone 


Amount of products, 


in % Ratio iodo- 
Solvent 8 benzene: II 


benzene” 


Water 32 3.2 

Dioxane 41 1.36 
Toluenef 1] 40 0.85 
Pyridine 14,5 0.27 


* The iodobenzene was distilled and then converted to phenyliodoso 
chloride, which was then weighed, 


TABLE 2 


Cleavage of Phenyldimedonyliodone in the Presence of Pyridine and Silver Nitrate (in moles per mole 


of the iodone), (Reaction conditions; five-minute refluxing in an aqueous methanol medium, cooling, 
and filtering) 


Silver nitrate 4 


Pyridine 1 


Yield of silver salt, in % ¢ 64,5 


From the data presented above, it is apparent that the direction of cleavage of the iodine—carbon bond 
depends on structural factors and on the participating reagent. Thus, there is a curious difference between 
the direction of cleavage of phenyldimedonyliodone (I) and that of phenyl (alkoxydimedonyl)-iodonium 
salts (III). Cleavage in the presence of pyridine is a particularly good comparison. While it is chiefly 
the iodine — phenyl bond which is ruptured in the case of phenyldimedonyiiodone, it is the iodine—dimedony] 
bond in the case of alkoxy salts (II), Thus, it may be assumed that the bond which is cleaved will be that with 
the lowest electron density [8]; whence, it-follows that in the present case, the relative electron density at the 
carbon atom of the active methylene group as it varies with structure may be judged by the type of bond rupture, 
Since in phenyldimedonyliodone the dimedon radical presumably exists in the enolate anion form, the enolate 
anion form is capable of creating a greater electron density at the carbon atom of the active methylene group 
than is the pheny!] or alkoxydimedonyl group, This is explained by the greater mobility of the electron system 


of the enolate anion, Precisely this same conclusion follows from the well-known fact that 2-halo derivatives of 
dimedon are difficult to saponify [15]. 


If the enolate anion structure is disturbed, the iodine — dimedonyl bond is weakened in comparison with the 
phenyl—iodine bond, and iodobenzene is the predominant cleavage product. The yield of the phenyl ether of 
iododimedon decreases in aqueous solution, and in the presence of hydrochloric acid, only the iodine — dimedony] 
bond is cleaved [16], This is obviously associated with the addition of a proton and the formation of an un-ionized 
enol system, On the contrary, the presence of silver ions apparently stabilizes the enolate anion system, Evidently, 
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TABLE 3 


Cleavage of Phenyl(O-ethyldimedony])iodonium Salts 


the lower solubility of the silver salt of iododimedon has a considerable effect. The enolate anion system is 
also disrupted in compounds with a fixed enol form (phenylalkoxydimedonyliodonium salts), and they are cleaved 
with the predominant formation of iodobenzene, providing the reaction is clearly not of a radical (homolytic) 
nature (decomposition at 160°, decomposition in the presence of mercury or sulfide fon), Radical cleavage is 
especially clearly apparent during the attack of the sulfide ion; cleavage of the iodine- carbon bond depends but 
little on polar factors and takes place in two directions. On the contrary, a typical heterolytic cleavage reaction 
takes place in pyridine solution with the formation of the pyridinium derivative of dimedon (IV). 
previously reported [17], saponification of the latter yields the pyridinium betaine enolate (V). The fluoborate 
(IV) is characterized by very peculiar properties, In the first place, micro determination of nitrogen in this com- 
pound always gives results which are too high, Therefore, the substance was characterized by the determination 

of BF, (as KBF, by precipitation in absolute alcohol) and by infrared spectroscopy, In the second place, the sub- 

stance can exist in two modifications with melting points of 120-122? and 140°, 


As has been 


Salt 


Solvent 


Reaction conditions 


Iodoben- 
zene* 
yield,in% 


Other products 


Bromide 
(I, R = 
=C2Hs, X= Bro ) 


Fluoborate 
R = 
=C3Hs, X ) 


Water 


Acetone 
Water 


Water 


Water 


Pyridine 


Decomposition at 160° 


Refluxing 30 min 


Stirring 2 hours in the 
presence of mercury 
Addition of nitrite sol- 

ution at 90° 
Addition of a solution 
of sulfide at 0° 


Addition of alkali solu- 
tion at 0° 

Stirring at 10-20°, 
10 hours 


36 


56 


32 


52 


29 


50 


62 


* The iodobenzene was steam distilled or distilled under vacuum, converted to phenyliodoso 
chloride, and weighed, 


The extremely great ease with which cleavage takes place in the presence of pyridine in all of the cases 
considered above indicates some effect of the pyridine on the heterolytic cleavage reaction, It is most probable 
that the pyridine solvates the carbon atom which is attacked, thereby facilitating rupture of the bond and the 
nucleophilic attack of the participating reagent [18]. 


Oily mass, Bromobenzene 
(detected qualitatively) 


2-Bromodimedon , 30%, 
M.p. 175-176°;[15] 
175°, 

Oily mass containing mer- 
cury 

Oily mass containing ni- 
trogen 

Ethyl ether of iododimedon , 
13%, M.p.129-131° .Bisdi- 
medon sulfide, 8%, M.p. 
231°; [14] 234°. 

Oily mass 


O-Ethyldimedony|pyridin - 
ium fluoborate (IV). M.p. 
120-122°, 70%, 


| 
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Such reactions can be important for the preparation of other onium derivatives of dimedon which are at 
present unavailable, 
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The readily available and reactive B-keto acetals, RCOCH,CH(OR'),, are currently universally used in 
synthetic organic chemistry, It is obvious that B-keto acetalswith functional groups in the molecule, compounds 
which are still almost unknown [1] , have even broader prospects in this regard, With the aim of preparing this 
type of compound, we have studied reactions involving exchange of the bromine atom in a-bromo~-8-keto acetals, 
RCOCHBrCH(OR"),, compounds for which we recently developed a method of synthesis [2]. The investigation of 
the exchange of the halogen atom in halo derivatives of 6 ~-keto acetals is also of interest from a theoretical point 
of view, since the results should permit a qualitative comparison of the lability of the halogen atom in these com- 


pounds with the lability of the halogen in a-hzloketones and, therefore, an evaluation of the effect of the acetal 
group on halogen lability . 


The most satisfactory subjects for the study of this reaction are the aromatic a-bromo-substituted ethylen - 
acetals of the type: 


ArCOCHBrCH(OCH,)s . 


We prepared compounds of this type by bromination of ethylenacetals of aroylacetaldehydes, the synthesis of 
which was recently described by the present authors [3]. 


Br; 
ArCOCH, — CH (OCH). ArCOCHBr— 


BaCO, 


At = Cel 15; p -Cl — p-Br — CeHa; pNO, — Cal 


The bromination was accomplished by the action of bromine in ether inthe presence of barium carbonate 
in a manner similar to the bromination of aliphatic 5-keto acetals[2]; the bromination can be carried out by 
the action of bromosuccinimide, but this variant of the reaction has no advantages, since the bromination with 
bromine proceeds very smoothly and gives rather high yields (about 60%), 


The resulting ethylenacetals of 6 -bromoaroylacetaldehydes are stable crystalline materials which are 
very convenient to use. Upon interaction with salts of certain mineral acids, they quite smoothly éxchange their 
bromine atom forming the corresponding a-substituted ethylenacetals of aroylacetaldehydes; 


ArCOCH (OCH) ArCOCH XCHI (OCT 
X= I, SCN, NO, Ar=C,gHs; p-Br— 


Thus the reaction with sodium fodide in acetone and with potassium thiocyanate in aqueous acetone proceeds 
smoothly to yield a-iodo and a-thiocyano substituted ethylenacetals, Replacement of the bromine by a nitro 
group takes place somewhat more difficultly; however, the substitution can be carried out successfully by heat- 
ing the bromide with sodium nitrite in dimethylformamide, and the corresponding a-nitro-B -keto acetal is 
formed, The resulting compounds are valuable starting materials for the synthesis of certain poorly available 
substances, Thus, for example, treatment of the ethylenacetal of a-thiocyanobenzoylacetaldehyde with dilute 


acid at room temperature converts it to 4~benzoyl-2-hydroxythiazole [4]. The structure of this product was con- 
firmed by the absence of a reaction for an aldehyde group. 


O— 


CsH;CO — CH — | 
| 
SCN O — CH2 


The interaction of brominated keto acetals with mercaptans proceeds smoothly and without complication. Thus 
the reaction of the ethylenacetal of a-bromobenzoylacetaldehyde with sodium benzyl mercaptide in methanol 
yields the ethylenacetal of a-benzylthiobenzoylacetaldehyde; 


CgHsCOCHBrCH (OCH) (S — 


The structure of the latter compound was confirmed by means of its UV spectrum (Fig. 1,1), which had bands in 
the 240-330 mp region characteristic of compounds containing a benzoyl group. 


In contrast, the interaction of this same bromo acetal with sodium phenolate proceeded by a different 
route, When the reaction was carried out in acetone, the result was a complex mixture from which it was im- 
possible to separate an individual compound, On the other hand, sodium phenolate in methanol reacted very 
smoothly with the formation of a crystalline substance whose analysis indicated it to be the ethylenacetal of 
B -phenoxy~-B -methoxy- a-hydroxyhydrocinnamaldehyde, The UV spectrum of this compound (Fig. 1,11) dif- 
fered sharply from the spectrum of the ethylenacetal of benzoylacetaldehyde (Fig. 1, IM) and from that of the 
a~benzylthio substituted acetal in that it had no characteristic bands from 240 to 330 my. This indicates that 
the compound contained no benzoyl] group and confirms its structure, The interaction of the ethylenacetal of 
a-bromobenzoylacetaldehyde with sodium phenolate evidently proceeds through the intermediately formed 


a-oxide in a manner similar to that demonstrated by Temnikova [5] for analogous reactions with a-haloketo 
acetals; 


O —CHe Oo O — 
\ CH,OH 
O — CH2 


O— OCsHs 
OCH, OH O— CH, 


| | 
— CH —CH 
| 


OCsHs O—CHa 


The interaction of bromoketo acetals with amines is also complicated by the entry of the acetal group in- 
to the reaction in addition to exchange of the bromine atom. Thus, the interaction of the ethylenacetal of a- 
bromobenzoylacetaldehyde with piperidine gave a high yield of phenyl-a, B -di-N-piperidylvinyl ketone; 


C,H,,NH 
CgH;COCHBr CH (OCHg)2 —CgHsCO — C = CH — N — go 


| 
N — CsHio 


H* 
Cc 
| 
OH 
24 


The structure of this compound was confirmed by a strong bathochromic shift inthe UV spectrum (Fig.1, 
IV), which is characteristic of 8-aminoviny] ketones [6]. This complication of the reaction was not unexpected, 
since the analogous reaction of unsubstituted 6 -keto acetals with amines is weil known [7]. 


In conclusion, it should be remarked that these reactions in which the bromine atom in B~-keto acetals is 
exchanged proceed under approximately the same conditions and with the same results as the corresponding re- 
actions involving &-bromo ketones, Thus, the presence of the neighboring acetal group has no appreciable effect 
on the lability of the halogen atom, 


EXPERIMENTAL 


Ethylenacetal of a-bromoaroylacetaldehydes, To a mixture of 0,055 mole of the ethylenacetal of the 
aroylacetaldehyde in 150 ml of absolute ether and 11.6 g of barium carbonate was added dropwise 4,3 ml of 
bromine; the addition was carried out with stirring and under strong illumination from a lamp. After the mixture 
became colorless, the precipitate was filtered and carefully washed with ether; the filtrate was dried over mag- 
nesium sulfate, the ether was distilled, and the precipitate, which crystallized in the condenser over a period of 
several days, was recrystallized from methanol, The constants and yields of the substances prepared are present- 
ed in Table 1, 


Fig. 1. UV _ absorption spectra of: 


O— CH, 
4 
I — C,H,COCH (SCH,C,H,)CH 


Hy, 
OCH, OH ys — CH, 
11—C,H,C — CH — CH 
\ 
O — CH,, 
O— CH, 
7 
111 — C,H,COCH,CH 
O—CH, 
t Iv —C,H,CO — = CH —N—C,Hy 
250 300 400 NC,Hi, 


a 


Ethylenacetal of a-iodobenzoylacetaldehyde, 5 g of the ethylenacetal of «-bromobenzoylacetaldehyde 
and 5,1 g ofsodium fodide in 10 ml of acetone were heated for 5 hours at 55-60°; the sodium bromide was filter - 
ed, and the filtrate was washed with water and extracted with ether (twice with 50 ml); the extracts were washed 
with thiosulfate and dried over magnesium sulfate, and the ether was then distilled, 2.4 g (37.5 Wof light yellow 
crystals was obtained; m.p., 84-85° 


Found %: G 41,71; 41.59; H 3.91; 4.08 CyHyIO3. Calculated %: C 41.53; H 3.49. 


Ethylenacetal of p-bromobenzoyl -a-iodoacetaldehyde, This compound was prepared similarly from 0,75 g 
of the ethylenacetal of p-bromobenzoyl-a-bromoacetaldehyde and 1 g of sodium {iodide in 6 ml of acetone, The 
yield was 0.35 g (41%); m.p. 111-111.5°. 


Found %: C 33.43, 33.33; H 7.56, 7.65. CyyHyBriO,. Calculated % : C 33.25; H 2.54. 


Oxidation of the substance with potassium permanganate in an alkaline medium gave only p-bromobenzotc 
acid, 


Ethylenacetal of a-bromobenzoylacetaldehyde, A solution of 5,4 g of the ethylemcetal of a-bromoben- 
zoylacetaldehyde and 3.9 g of potassium thiocyanate in a mixture of 30 ml of acetone and 2.5 ml of water 


Ne 
\ 
3 
w 
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was heated for 4 hours at 55-60° and poured into water; the resulting mixture was extracted with ether (twice with 
50 ml), and the extracts were dried over magnesium sulfate; the ether was distilled, and recrystallization of the 
residue from alcohol gave 3,25 g (65%) of yellowish crystals with an m.p. of 74-76° . 


Found % ; C 57.97, 57.91; H 4.87, 4.67. CygHyNO,S. Calculated %: C 57.81; H 4.45. 
4-Benzoyl-2-hydroxythiazole. 1 g of the ethylenacetal of benzoyl] - a-thiocyanoacetaldehyde was stirred 


for six days with 3 ml of 5% HCl; the precipitate was filtered and recrystallized from 5% HCl. 0.4 g (50%) of 
colorless plates with an m.p. of 149-150° was obtained, 


Found % ; C 58.90, 58.74; H 3.68, 3.45. CyHyNO,S. Calculated % ; C 58.53; H 3.66. 


TABLE 1 
Synthesis of Ethylenacetals of a-Bromoaroylacetaldehydes, ArCOCHBr—CH 


No—cH; 


Yield % % 


found found | calc. 


CoH, 69—70 64 
p -BrCoH, 96—97 62 
p -CICoH, 99,5—101 58 ing 


p 85—86 4,39 
4,20 


Ethylenacetal of B-methoxy- &phenoxy-a-hydroxyhydrocinnamaldehyde. To a solution of 2.7 g of the 
ethylenacetal of a-bromobenzoylacetaldehyde in 25 ml of methanol was added a mixture of 2.8 g of phenol, 
1.4 g of potassium hydroxide, and 1.4 g of potassium carbonate in 50 ml of methanol, After the mixture had stood 
for 3 days at room temperature, it was poured into water, and the resulting mixture was extracted with ether. The 
usual treatment gave 1.2 g (38%) of colorless needles with an m.p. of 54-56° (from alcohol), 


Found % ; C 68.48, 68.38; H 6.5, 6.39 . CyHg»Os- Calculated %; C 68.50; H 6.33. 


Ethylenacetal of a -benzylthiobenzoylacetaldehyde, To a solution of 2.71 g of the ethylenacetal of a- 
bromobenzoylacetaldehyde in 10 ml of methanol was added a solution of 1.46 g of sodium benzyl mercaptide in 
20 ml of methanol, and the reaction mixture was refluxed for 4 hours, The usual treatment gave 1.4 g (45%) of 
colorless needles with an m,p. of 67,5-68.5° (from methanol), 


Found % : C 66.92, 66.79; H 5.38, 5.40. CygHyg0,S. Calculated % ; C 66.81; H 5.24. 


Phenyl-a, 8-di-N-piperidylvinyl ketone, _A solution of 3 g of the ethylenacetal of a-bromobenzoyl- 
acetaldehyde in 10 ml of benzene was mixed with 4.8 ml of piperidine, and the mixture was refluxed for 4 hours. 
The reaction mixture was cooled, and the precipitated crystals were filtered, The major part of the benzene was 
distilled from the mother liquor, The precipitated crystals were filtered and recrystallized from ether, 2.9 g (91%) 
of yellow crystals with an m.p, of 105-106° was obtained, 


Found % : C 76.53, 76.49; H 9.06, 8.93. CygHygN,O. Calculated % ; C 76.65; H 8.74. 


LITERATURE CITED 
{1] N.K. Kochetkov and E. E. Nifant'ev, Doklady Akad, Nauk SSSR 121, 462 (1958),° 


* Original Russian pagination. See C.B. translation. 


26 


—| 


(2] N.K. Kochetkov, E. E. Nifant’ev, and A. N. Nesmeyanov, Izvest. Akad, Nauk SSSR, Otdel., Khim, 
Nauk , 949 (1957)* 


[3] N.K. Kochetkov, E. E. Nifant*ev, and N. V. Molodtsov, Zhur. Obshchei Khim.7 (1959)#* 

[4] Collection; Organic Reactions 6 [Russian translation], (Moscow, 1953) p. 301. 

[5] T. I. Temnikova et al., Zhur, Obshchei Khim, 24, 1891 (1954, 27, 2491 (1957); 28 , 3224 (1958).° 
(6] K. Bowden, E, A. Braude, et al., J. Chem. Soc, 45 (1946). 

[7] French Pat, 840,107 (1938); Zbl. 2, 3193 (1958), 


* Original Russian pagination. See C.B. Translation. 
** See C.B. Translation. 


a 
~ 


THE KINETICS OF THE CONVERSION OF CERTAIN MONOCYCLIC 
SULFIDES OVER SILICA-ALUMINA CATALYST 


R. D. Obolentsev and V. I. Dronov 


Bashkir A ffiliate,Academy of Sciences, USSR 


(Presented by Academician A. V. Topchiev, July 7, 1959) 


(Translated from: Doklady Akademii Nauk SSSR, Vol. 130, No. 1, 
pp. 98-101, 1960), 


Original article submitted July 6, 1959 . 


In connection with the increased production and processing of moderate- and high-sulfur crudes, the study 
of the conversions of organosulfur compounds formed during catalytic cracking is not only of interest from a 
theoretical point of view, but is also of great practical interest. Information fs available in the literature with 
regard to systems for the conversion of organosulfur compounds over silica-alumina catalyst [1-3], but there 

is almost no information on the kinetics of these conversions, The object of the present investigation was a 
partial reduction of this gap in our information, 


We investigated the conversion of the following organosulfur compounds over silica-alumina catalyst the 
cis and trans isomers of 2,5-dimethylthiophane and 2,5-di-n-propylthiophane, 2-n-hexylthiophane, 2-methyl- 
thiacyclohexane, thiacycloheptane, and 2-ethylithiophene, The experiments were carried out in a laboratory 
flow~type apparatus at atmospheric pressure, temperatures of 350, 400, and 450°, and space rates of 1 to 80 
volumes of feed per volume of catalyst per hour, The sulfides were fed as 0.45 % (with respect to sulfur) solu- 
tions in benzene and in certain other solvents, The catalyst was silica-alumina spheres with an “activity index" 
of 33. The hydrogen sulfide formed during the reaction was absorbed in a 10% solution of cadmium chloride 
and was determined fodometrically, The total sulfur in the cataly zates was determined by the lamp method, 
the mercaptans were determined by the method of Borgstrom and Reid, and the sulfide sulfur was determined 
as the difference between the total and the mercaptan sulfur and, in certain experiments, by potentiometric ti- 
tration and by the absorption spectra of the iodide complexes in the ultraviolet region, The sulfur in the coke 
was collected as sulfur dioxide during catalyst regeneration, and was determined iodometrically, A material 
balance on the sulfur was made for each experiment, On the basis of the experiments performed to study the 
kinetics of the conversion of monocyclic sulfides over silica-alumina catalyst, we established that hydrogen sul- 
fide is the major sulfur-containing product of these conversions, The amount o{ mercaptan sulfur in the catal- 


yzates did not exceed 2,5 % calculated on the sulfur in the raw feed, The sulfur in the coke did not exceed 3% 
of the sulfur contained in the feed solution, 


For the characterization of the kinetics of these conversions of cyclic sulfide, we used the equations pro- 
posed in general forms by Frost [1,4] and Kazeev [2,5] 


a+ = (1) 


where vp) is the space rate of the sulfide (in mmoles per g of catalyst per hour), y is the depth of desulfuriza- 
tion (expressed as a fraction), and a and 68 are parameters, 


m 
— gr? 
=at 


(2) 


where rf is the nominal contact time inseconds,m is the depth of desulfurization (in %), D is the limiting value 
ofm as T*a@; anda andb are parameters, 


The nominal contact time (tT) was calculated from the equation 


ATP. 22419 


where vis the volume of the reaction space (in cc), n is the number of moles of feed passing through the re- 
actor per second, T is the absolute temperature, and P is the pressure (in mm Hg). 


TABLE 1 


Parameters for the Kinetic Equations 


Temp 
Cyclic sulfide °C 


cis-2,5-Dimethylthiophane 


cis-2,5-Dimethylthiophane over a 
catalystof 0.05 cm particle size 
trans-2,5-Dimethylthfophane 


2-Ethylthiophane 


2-Methylthiacyclohexane 


Thiacycloheptane 


2-n-Hexylthfiophane 


cjs -2,5-n-propylthiophane 


trans -2,5-di-n-Propylthiophane in: 


beazene 

cetane 

decalin 

-methylnaphthalene 


3-Ethylthiophene 


The values found for the parameters of the kinetic equations are presented in Table 1. The depths of con- 
version as a function of contact time at temperatures of 350, 400, and 450°C were calculated for all of the cyclic 


sulfides studied and for 2-ethylthiophene, By way of an example, Fig. 1 shows such a relationship for a tempera- 
ture of 450°, 


From Fig. 1 it may be seen that the experimental points fall satisfactorily close to the calculated curves. 
At low contact times, there is a difference in the average rates of conversion of the various cyclic disul fides. 
The conversion rate increases with an increase in the molecular weight of the sulfide, The conversion rates of 
the 2-alkylthiophanes are lower than those of the isomeric 2,5-dialkylthiophanes, but this difference disappears 


a 8 | a | b | 7) 
350 | 0,21 | 1,00 | 0,90 | 0,71 | 90 
400 | 0,50 | 0,99 | 1,66 | 0,71 | 9% 
450 | 4.49 | 4.01 | 3,42 | 0.71 | 95 
400 | 4,79 | 1,00 | 4,27] 0,73 | 94 
350 | 0,20 | 0,98 | 0,91 | 0,67 | 89 
400 | 0°65 | 1,00 | 2.00 | 0570 | 94 
450 | 1.44 | 0,99 | 2,941 0,66 | 94 
fT 350 | 0,17 | 0,76 | 0,65 | 0,89 | 82 
| 400 | 0,42 | 0,74 | 1,33 | 0,88 | 84 
] 450 | 1,08 | 0,77 | 2,71 | 0,85 | 90 
350 | 0,44 | 0,98 | 0,65 | 0,67 | 81 
400 | 0.26 | 0,97 | 1,06 | 0,69 | 94 
450 | 0,73 | 0,98 | 2,12 | 0,70 | 9% 
fT 350 | 0,10 | 0,74 | 0,41 | 0,84] 78 
400 | 0,35 | 0,74 | 1,08 | 0.84 | 82,5 
4g 450 | 0,77 | 0,72 | 2,44 | 0,86 | 87 ; 
iZ Po 350 | 0,15 | 1,02 | 1,04 | 0,59 78 
400 | 0,78 | 1,00 | 2,29 | 0,66 | 92 
450 | 2,15 | 0,97 | 4,95 | 0,72 | 93.5 
300 | 0,08 | 1,00 | 0,64 | 0,54 | 76 
350 | 0,41 | 4,00 | 1,44] 0,66 | 87 
400 | 4,27] 1,01 | 2,61 | 0,60 | 92 
450 | 2,57 | 1,00 | 4,44 | 0,62 | 95 
350 | 0,63 | 0,91 | 1,64 | 0,63] 87 
400 | 0,80 | 1,00 | 1,46 | 0,63 | 92 
400 | 0,76 | 0,94 | 1,37 | 0,64 | 92 
| 400 | 1,36 | 0,99 | 2,14} 0,63] 92 
450 | 0,02 | 1,00 | 0,19 | 1,05 30 
500 | 0,06 | 0,97 | 0,21 | 4.12 | 36 
550 | 0,06 | 0,99 | 0,28 | 1,05 | 38 
30 


for the sulfides of higher molecular weight, The conversion rates of the isomeric cyclic sulfides with five- and 
six-membered rings are practically the same, and are higher than those of the sulfides with seven-membered 
rings, At a temperature of 350°, the rates of conversion of cis- and trans- 2, 5-dimethylthiophanes were practi- 
cally thesame; at 450°, the conversion rate of the cis isomer was somewhat higher than that of the trans isomer, 
but the reverse was the case at 400°, With an increase in the contact time, the differences in the average rates 
of conversion of the sulfides studied decreased, and they reached their maximum values at 450°—87-90% for thia- 
cycloheptane and 2-ethylthiophane and 94-95% for the remaining compounds, The inequalities in the rates of 
conversion of the cyclic disulfides in the presence of silica-alumina catalyst are undoubtedly reflected in the 
composition of the cyclic sulfides in distillates obtained from catalytically cracked stocks; these distillates are 
enriched in sulfides of low molecular weight and in 2-alkylthiophanes at the expense of a decrease in the high- 
molecular-weight sulfides and 2,5-dialkylthiophanes. Therefore, silica-alumina catalyst can be used for the 
selective removal of monocyclic sulfides from mixtures of them with thiophenes, 


Fig. 1. The solid lines are calculated curves showing the depth of 
conversion of cyclic sulfides as a function of contact time at 450°C, 
The broken line shows the relationship between contact time and 
space rate; 1) 2-ethylthiophene; 2) thiacycloheptane; 3) 2-ethyl- 
thiophane; 4) 2-methylthiacyclohexane; 5) trans-2,5-dimethylthio- 
phane; 6 )cis-2,5-dimethylthiophane;7) 2-hexyithiophane; 8) trans- 
2,0-di-n-propylthiophane, 


Qs 


Fig. 2, Calculated curves for the depth of conversion of trans-2,5-di-n- 
propylthiophane as a function of contact time at 400° for different solvents. 
Solvents; 1) cetane; 2) decalin; 3) a-methylnaphthalene; 4) benzene, 


Silica-alumina catalyst has a highly developed surface and pores of small diameter, With this in mind, 
we studied the kinetics of the conversion of cis-2,5-dimethylthiophane at 400° over catalysts of different particle 
sizes, 0.25 and 0,05 cm, and calculated the diffusional retardation factors by the method proposed by Rozovskii 
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and Shochekin [6], The diffusional retardation factor for the conversion of cis-2,5-dimethylthiophane in the 
presence of the catalyst with a particle size of 0.25 cm was 0,22, while for this same conversion over the finer 
catalyst it was 0,79, Consequently, in the first case the conversion of cis-2,5-dimethylthiophane proceeded in 
the internal diffusion region, and in the second case in the transition region, In connection with the fact that the 
organosulfur compounds contained in catalytically cracked petroleum products are, to a significant extent, cy- 


clic sulfides, it appears that distillates with the lowest sulfur content should be obtained by cracking in an expand- 
ed bed with powdered catalyst, 


10 15 sec, 


Fig. 3. Depth of conversion of cis-2,5-dimethylthiophane dissolved 
in a mixture of isooctane and isooctene as a function of the /sooctene 
content, The points are experimental data. 


In order to determine the effect of the fractional and group 
hydrocarbon composition of the cracking feed stock on the sulfur 
content of the cracked products, we studied the kinetics of the con- 
version of trans-2,5~-di-n-propylthiophane at 400° in different sol- 
vents (Fig.2), From a consideration of the curves presented in the 
figure, it follows that trans-2,5-di-n-propylthiophane is converted 

. at the highest rate when dissolved in benzene or a-methylnaph - 
lnccun.%.. thalene, The lowest conversion rate was obtained when the trans- 
2,5-di-n-propylthiophane was dissolved in cetane, A study of the 
Fig. 4. Calculated conversion curves conversion of cis-2,5-dimethylthiophane dissolved in isooctene — 
for four cyclic sulfides, The points are isooctane mixtures showed that the depth of conversion of cis-2,5- 
experimental data, dimethylthiophane decreased appreciably with an increase in the 
isooctene content (Fig, 3), These results show that the sulfur con- 


tent of catalytically cracked distillates depends on the fractional and hydrocarbon group composition of the feeds 
cracked, 


A study of the kinetics of a cyclic sulfide mixture containing cis-2-, 5-dimethylthiophane, 2-ethylthiophane, 
2-methylthiacyclohexane, and thiacycloheptane showed that the over-all conversion of the sulfide mixture follows 
an additive rule (see Fig. 4), This fact is of basic significance, since it indicates that it is possible to determine the 


degree of desulfurization from data on the composition of the mixture of sulfides contained in a cracking feed stock 
and their kinetic characteristics, 
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The radical decomposition of CCl, to CCl, radicals and Cl during ultraviolet irradiation [1], during heat- 
ing [2], and during the catalytic action of metals [3] has long been known, The reaction of CC), _ with alcohols, 
which we have previously described [4], takes place on heating and under the influence of light through the in- 
termediate formation of CCl, radicals according to the over-all equations; 


200-210 (1) 
2CCI, --————--» 2CHC]s -}- CII,0 2HCI, 


hv 
2CCI, -+ C,Clg + CH,0 + 2HCI. (2) 


Reaction (1) is complicated by a series of secondary processes (formation of methyl chloride and methylal), 
The basic difference between the thermal reaction and the photoreaction is that CHC], is formed during the ther- 
mal process, and only hexachloroethane is formed during ultraviolet irradiation, Both compounds, CHC], and 
hexachloroethane, are formed when a mixture of CCl, and an alcohol is heated in the presence of an initiator[5]. 


Repeating the reactions between CCl, and alcohols (the reaction was carried out in excess alcohol), Pfordte 
[6] irradiated mixtures of CCl, with methyl and ethy! alcohols with ultraviolet light. These reactions yielded 
hexachloroethane, the corresponding aldehyde, HCl, and traces of CHCl,. On the basis of this study, Pfordte pro- 
posed the following scheme for the process: 


hia 
j 


4-CCla- 7 CHyOH HCI -}- 


\ 
CaCl, CHCl, CHLOH 


In this scheme, the formation of C,Cl, is presumed to result from dimerization of CCl, radicals. 


However, it is possible to assume another route for the formation of C,Clz. The same process can proceed 
initially during the photoreaction as during the thermal reaction (Equation 1), and the CHCl, can then react with 
CCl, according to the equation 


| 
| 


hy 
CHCl, -+ CCl, GCl, + MCI. (4) 


Actually, when a mixture of 46.5 g of CCl, and 17,9 g of CHCl, was irradiated for 1 month with light from a 
PRK -2 quartz mercury lamp, 4,0 g of C,Ck was formed, 


For checking these courses of the reaction, it seemed to us convenient to use a tracer method employing 
c™ atoms. It would seem possible to confirm one or the other of these processes by adding c' -jabeled chlo - 
roform to the mixture of CCl, and alcohol, If the formation of C,Cl, occurs according to Equation (4), the re- 
sulting C,Cl, should contain the label, In the case of dimerization of CCl, radicals obtained during photolysis of 
CCl,, the hexachloroethane should be inactive, But this method encounters the following difficulties, First, a 
CCl, radical resulting from the photolysis could react with CHCl, according to the equation; 


CCls+ + C°HCIs C’Cls - + CHCIs. (5) 
Second, the secondary C * Cl, radical could react with CCl, according to the equation: 


+ =~ CO. 4 OA (6) 


i.e., “relay transfer" of the CCl, radical could occur, Therefore, we began the work with an investigation of the 
photoreaction of CCl, and labeled C* HCl. Reaction (5) is difficult to prove because the inactive CHCl, resulting 
in accordance with Equation (5) will dilute thereacting active C*HC], to a very low concentration, i.e., within 
the limits of error of the determination, 


We used another method to investigate this reaction; we used the reaction of CCl, with metals, which pro- 
ceeds with the formation of C,Cl, [3]. With this aim, 12.2 ml of CCl, and 5.0 ml of C* HCI, (activity, 900 imp / 
minute) were heated under nitrogen and in the presence of skeletal Ni at 80° for 10 hours, In this case, the pri- 
mary reaction forming CC), radicals could only be the interaction of CC, with Ni according to: 


If the resulting CCl, radicals had reacted further in accordance with Equation (5), the CgHg obtained should 
be active, The C,Ck, (6 imp /minute) and CCl (3 imp / minute) isolated from the reaction mixture were not 


active, which indicates that Reactions (5) and (6) did not take place, 


In this experiment, as in all of the subsequent experiments, attention was given mainly to the purification 
of the reaction products, and the quantitative side was not considered, The C,Cl was freed from contamination 
by active C* HC], by treating several times with unlabeled CHCl, and distillation. Unlabeled CHCls and C2Cl, 
was added to the CC, fraction after the experiment, and the CCl, was isolated by fractionation, This method 


of purification was used in all experiments. 


Reaction (6) was investigated as follows. A mixture of 12.2 ml of CCl, and 5.0 ml of CHC], (activity, 772 
imp /minute), under nitrogen, was irradiated with ultraviolet light for 130 hours, If the CCI, recovered after the 
photoreaction had acquired activity, exchange between the CCl radical and the CCl, must have taken place ac- 
cording to Reaction (6). CHCl,, CCl4, C,Cl,, and HCl were isolated after the reaction, The extent of the re- 


action was determined from the amount of HC1 liberated. The CClg recovered proved to be inactive (7 imp / 


minute), which indicates absence of "relay transfer" of GClg radicals, The CyCk obtained was active (565 imp / 


minute), 


Thus, Reactions (5) and (6), which could interfere with the use of labeled CHC], for the elucidation of the 
mechanism of the formation of C,Cl, during the photoreaction of CCl, with CHCl,, do not occur, In a further 


investigation of the mechanism of the formation of CzClg, we irradiated a mixture of 15.5 ml of CClg, 2.2 ml 


of C* HCl, (900 imp / minute), and 15,0 ml of CH,OH; the trradiation was carried out under nitrogen for 110 


hours. CHCls, HCl, CCl, and C2Clg were isolated from the reaction mixture, and none of these were active 


(activities; CCl, 7 imp / minute; GyCl,, 17 imp / minute), Hence, it is clear that the CCl, radical does not 


remove an H from the alcohol; i.e., CHClg is not formed during Reaction (3), 
Consequently, CjHg is formed only by dimerization of CClg radicals resulting from photolysis of CCl, . 


In our opinion, the CCl, radicals cannot remove a hydrogen from the alcohol or chloroform during 


photoreactions and the absence of "relay transfer" can be explained only by a rather significant stabilization 
energy of 12 kcal /mole [7] to 19 kcal /mole [8]. During thermal processes, the removal of an H from alcohols 
takes place at comparatively high temperatures, 
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The study of the possible preparation of organosilicon compounds by the addition of silicon hydrides to 
various unsaturated compounds has attracted the attention of a large number of investigators over the past few 


years, Benzoyl peroxide, acetyl peroxide [ 1-6]Zplatinum on carbon, chloroplatinic acid[7-13], and other 
catalysts [9-14] have been used in this reaction, 


In 1953, Kanazashi [15] described the reaction of alkylvinylsilanes with trichlorosilane in the presence of 
acetyl peroxide, the reaction proceeding according to the scheme; 


R,SiCH = +- HSiCly + 
CH = CH, CHCH,SiCl, 
ReSi 4- 2HSiCly ReSi 
SCH = CH: 


When trichlorosilane is reacted with vinyltrichlorosilane, styrene, or 1-octene in the presence of NIC], - 
* SCsHsN , the trichlorosilane adds both in accordance with Markovnikov's rule and contrary to it [16], For 
example, two isomers have been obtained by the interaction of trichlorosilane with vinyltrichlorosilane: 


| 
CHg 


When methyldichlorosilane was added to butyl acrylate in the presence of platinized carbon, the following 
isomer was also obtained [17]: 


Cl CHs 


CH — Si— CH — 
| 
Cl 


39 


Our study was concerned with the addition of trichlorosilane to various diallyl derivatives of silicon in the 
presence of chloroplatinic acid, Under the conditions selected for conducting the reaction, the trichlorosilane 
added both at one double bond and at both of them. The over-all yield of addition products varied from 55 to 
15% (see Table 1). 


This investigation showed that the activity of the double bond in diallyl derivatives of silicon with respect to 
addition reactions depends on thenature of the atoms and groups bonded to the silicon atom, With an increase in 
the size of the alkyl radicals and also when they are replaced by a pheny! radical or a chlorine atom, the activity 
of the double bonds in dialkyl-(phenyl or chloro)-diallysilanes increases. 


TABLE 1 


Analysis for chlorine 
Compound B.p.,°C/mm Yield % 
found calc. 


(CH,). (CH, CHCH,) SiCH,CH,CH,SiCI, 115—118/7 38.66 


35,05 
32,84 


(C,H,), (CH, = CHCH,) SiCH,CH,CH,SiCI, 124—126/4 
(C,H,), (CH, = CHCH,) SiCH,CII,CH,SiCl, 167—169/9 


(CH, == CHCH,) SiCH,CI1,CH,SiCl, 186—189/9 °7 04 


26,65 


34,52 


(C,1,), (CH, = CHCH,) SiCH,CH,CH,SiClI, 222—224/4 
(CH,) (CH, = CHCH,) SiCH,CH,CH,SiCI, | 180—182/5 


Cl, (CH, = CHCH,)SiCH,CH.CH,SiCI, 153—156/4 38. 64 


(CH,).Si (CH,CH,CH,SiCI,). 163—165/5 51,77 


(C,H,),Si (CH,CH,CH,SiCI,), 176—178/5 48,47 


(C,H,),Si (CH,CH,CH,SiCI,), 193—195/5 45,56 


(C,H,).Si (CH,CH,CH,SiCI,). 219-—221/5 42.98 


(CH,CH,CH,SiCI,); 268—270/4 
39,77 


C,H, (CH,) Si (CH,CH,CH,SiGI,) 2412—214/5 44 97 


Cl,Si (CH,CH,CH,SiCI,), 210—212/2 


62,77 


For example, trichlorosilane added to dimethy1-, diethyl-, dipropyl-, and dibutyldiallylsilanes with over- 
all yields of addition products of from 56 to 63%, while it added to diphenyl- and dichlorodiallylsilanes with over- 
all yields of 70 and 75%, respectively (Table 1), When the chloro derivatives obtained by the addition of tri- 
chlorosilane to dialkyl-(phenyl, chloro)~diallylsilanes at both double bonds were reacted with lithium alkyls, a 
number of silicon-containing hydrocarbons were obtained, 


The infrared spectra* of these silicon-containing hydrocarbons showed that the addition of trichlorosilane 
to dialkyl-(phenyi, chloro)-diallylsilanes proceeds contrary to Markovnikov's rule and according to the following 
scheme: 

CH:CH = CH, 
CH,CH = 


* The spectroscopic investigation was carried out by Yu. P. Egorov. 


| 
28,5 
34,80 
32,70 
29,7 
28,8 
26 , 20 
31,67 
1 31/39 | 13,8 
| — 8,3 
| 27,9 
3.0 
32,6 
41,4 
2/40 
4 40 


R 
| 
+ ClgSiCH Si 
| 
R 


EXPERIMENTAL 


The dialkyl-(phenyl, chloro)-diallylsilanes were prepared by the interaction of allylmagnesium bromide 
with the appropriate chloro derivatives of silicon. 


Addition of trichlorosilane to diallyl derivatives of silicon, The particular dially! derivative of silicon and 
the chloroplatinic acid — 0,1 M solution of H,PtCl, + 6H,O in isopropyl alcohol — were charged to a three-necked 
flask fitted with a stirrer, a reflux condenser, and a dropping funnel, The trichlorosilane was added slowly while 
the reaction mixture was stirred. The reaction mixture was heated at 50° for 10 hours and then at 80° for 2 hours. 


1. Addition of trichlorosilane to dimethyldiallylsilane. From 42 g (0.3 mole) of dimethyldiallylsilane, 95 g 
(0.7 mole) of trichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 23.8 g (28.5% yield) of 
dimethylallyl (trichlorosilylpropyl) silane [ (CHg),(CH» = and 34.5 g (yield 27.9 % of 
theoretical) of dimethyldi(trichlorosilylpropyl)silane [ )Si(CH yCH SiC], )9] - 


2. Addition of trichlorosilane to diethyldiallylsilane, From 42 g (0.25 mole) of diethyldiallylsilane, 82 g 
(0.6 mole) of trichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 22,0 g (29.0% yleld) of 
[( CgHs)a(CH2 = CHCH,)SiCH,CH,CH,SICh j and 33.1 g (yield, 30.2% of 
theoretical) of diethyld{(trichlorosilylpropyl)silane 1,9]. 


3. Addition of trichlorosilane to dipropyldiallylsilane, From 39 g (0.2 mole) of dipropyldiallylsilane, 
82 g (0.6 mole) of trichlorosilane, and 1 m1 of the chloroplatinic acid solution were obtained 19.7 g (29.7% yield) 
of dipropylally|(trichlorosilylpropyl) silane [(CgH)9(CHz = CHCH,)SiCH,CH,CH,SICl,] and 30,4 g (yield, 32.6% 
of theoretical) of dipropyldi(trichloros{lylpropyl)silane 


4, Addition of trichlorosilane to dibutyldiallylsilane, From 45 g (0.2 mole) of dibutyldiallylsilane, 82 g 
(0.6 mole) oftrichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 20.7 g (28.8% yleld) of 
dibutylallyl(trichlorosilylpropyl)silane [(C4Hg)e(CH, = CHCH,)SiCH,CH,CH,SiCl,] and 33,7 g (yield, 34.1% of 


theoretical) of SiC], 


5. Addition of trichlorosilane to diphenyldiallylsilane. From 40 g ( 0.15 mole) of diphenyldiallylsilane, 
68 g (0.5 mole) of trichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 10.6 g (17.6% 
yield) of [(CgHs)a(CHz = CHCH,)Si and 42.3 g (yield, 
52.4% of theoretical) of [(CgHs eS 


6. Addition of trichlorosilane to phenylmethyldiallylsilane, From 42 g(0.2 mole) of phenylmethyl- 
diallylsilane, 82 g (0.6 mole) of trichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 9.7 g 
(13.8% yield) of [ CgHs(CH3X CH, = 
and 40,7 g (yield, 41.4% of theoretical)of phenylmethyldi(trichlorosilylpropy]) silane [CgH5(CHy)S 


7. Addition of trichlorosilane to dichlorodiallylsilane, From 36 g (0.2 mole) of dichlorodiallylsilane, 82 g 
(0.6 mole) of trichlorosilane, and 1 ml of the chloroplatinic acid solution were obtained 5,2 g (8.3% yield) of 
dichloroally|(trichlorosilylpropyl)silane [C1{CH, = CHCH,)SiCHgCH,CH,SiCl,] and 60.8 g (67.3% yield) of di- 
chlorodi(trichlorosilylpropyl)silane [Cl,Si(CHyCH,CH,SiC]5),]. The chlorine analyses were done by I. I. Karelova, 
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The methods which have heretofore been used in investigations of the packing density of cellulose macro- 
molecules are, unfortunately, indirect and are based chiefly on measurements of the internal surface by means 
of nitrogen adsorption or adsorption of water vapors of organic solvents (methanol, ethanol, benzene), by adsorp- 
tion of dyes, iodine, or certain cations from aqueous solution, by the determination of the heat of wetting, react~ 
ivity, etc, Now, determination of the true density of the preparations under investigation should be one of the 
most relfable methods for measuring the packing density of macromolecules, Unfortunately, however, this meth- 
od has not received the attention it deserves, 


In our investigations, determination of the true density of cellulose was carried out by the method of 
Hermans, which is based on the suspension of small pieces of cellulose in a carbon tetrachloride medium, the 
density of which is varied by raising or lowering the temperature, During the course of the work, we introduced 


certain changes into this method, thereby simplifying it considerably without decreasing the accuracy of the 
m2asurements, 


In all of the determinations of the true density, the cellulose preparations were first carefully dried at 105°, 
Since numerous investigators consider cellulose to consist of alternating portions of loose and tight packing, cor- 
responding to the variation in reactivity, we determined the true density of the various cellulose preparations 
after partial hydrolysis or alcoholysis , The use of alcoholysis was dictated by the necessity of protecting the 
cleavable loose portions from the packing which would presumably occur through the effect of water under hy- 
drolysis conditions, Hydrolysis of the cellulose preparations investigated was carried out over different time in- 
tervals with a 10% solution of H,SO, at 100°, and the alcoholysis was carried out in a medium of absolute eth- 


anol containing 10% H,SO, at 100°, The amount of cellulose remaining after hydrolysis or ethanolysis was de- 
termined along with the density, 


In Fig. 1 is shown the change in the true density of different preparations of cotton cellulose during the 
course of hydrolysis and alcoholysis. As may be seen froin the figure, the initial density of this cellulose, 1.545, 
rapidly increased to 1,562 without appreciable loss in weight of the original preparation. Further increases in the 
extent of hydrolysis did not change the limiting value of the density of the cellulose, This effect indicates 
rapid packing of the loose portions of the cotton cellulose which undergo cleavage under hydrolysis conditions, 
In contrast to hydrolysis, the increase in density of the residual cotton cellulose during ethanolysis takes place 
gradually with the solution of fractions which readily break down under alcoholysis, After the removal of about 
Tweight% of the cotton cellulose, the density of the residue was 1,563, and there was practically no further 
change. Curve 3 of Fig.1 shows the change in density of ethanolized cotton cellulose which was first subjected 
to 40-minute pulverization in a VNIIGS [All ~Union Scientific Research Institute of Hydro- and Sanitary Engineer- 
ing] vibrating mill, Prior to ethanolysis, the pulverized cellulose had a density of 1,502, Its Debye-Scherrer 


— 


diagram was characterized by the presence of one amorphous ring and by the absence of interference rings typical 
of cellulose I, Curve 3 shows that at the beginning of ethanolysis there is a rapid compaction of the cellulose to 
a density of 1.517, practically without loss in weight, after which the density of the residue did not change greatly 
during solution of up to 85% of the weight of the original preparation, Thus, the pulverized cellulose was very 
homogeneous with respect to structure, and differed sharply in density from the original cotton cellulose, The 
pulverized cotton cellulose was allowed to stand moistened with water at 50° (Fig. 1, 4) and at 100° (Fig.1,5) for 
a period of an hour; the water was then displaced with absolute alcohol, and the preparation was dried, Curves 

4 and 5 of Fig.1 were obtained during alcoholysis of these preparations, Under the influence of water at a tem- 
perature of 50°, the pulverized cellulose packed to a density of 1.526, while water at 100° caused it to pack to a 
density of 1.529, The density of these preparations did not change during the subsequent ethanolysis. Apparently, 
the loose cellulose is packed under the influence of water, forming a homogeneous structure, 


> 
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Fig. 2, Changes in the density of dif- 
Fig. 1. Change in the density of different ferent celluloses during ethanolysis ; 
preparations of natural cotton cellulose dur- 1) cotton cellulose, 2) bacterial 
ing hydrolysis and ethanolysis, The legends cellulose, 3) ramie cellulose, 4) wood 
are given in the text, cellulose, 
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During mercerization, the density of the original 
cotton cellulose decreased to 1,523 (Fig. 1,6). Upon 
subsequent ethanolysis, this preparation formed a stable 
structure with a density of 1.540, which represents an 
average between the density of the original cellulose 
and that of the pulverized cellulose, 


Interesting results were obtained during ethanolysis 
of different natural celluloses (Fig. 2), The data obtained 
0 th 30. W350. 00 10% show that packing density varies among the various natural 


Density of residue 
= 


Fig. 3, Change in the density of prepara- It was also established that the packing density var~ 
tions of viscose rayon during ethanolysis ies considerably among different batches of viscose rayon 
and hydrolysis; 1) ethanolysis of viscose prepared from fir cellulose, The results of measurements 
rayon I, 2) ethanolysis of viscose rayon of the density of two samples of viscose rayon during hy- 

Il, 3) hydrolysis of viscose rayon I, drolysis and alcoholysis are presented in Fig. 3. 


A comparison of the data obtained in this investiga - 
tion, which are presented in Figures 1 to 3, shows that depending on the method by which the cellulose samples 
are prepared, the cellulose forms structures with differing initial densities and also with different behaviors during 
hydrolysis and alcoholysis, 
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THIOCYANATION OF 2-ARYL~-1,3-INDANEDIONES 
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and B. E. Aren 


Riga Polytechnical Institute 


(Translated from: Doklady Akademii Nauk SSSR, Vol. 130, No.2, 
pp. 315-417, 1960) 


Original article submitted September 23, 1959, 


Thiocyanogen compounds are frequently used as intermediates for the preparation of many sulfur-containing 
compounds, for example: mercaptans, sulfides, disulfides, sulfonic acids, and other compounds [1-4]. Moreover, 
many thiocyanogen compounds are of value as such; they are physiologically active, and may be used to reduce 
blood pressure [5,6], and as bacteriostatic reagents [7]; they also find use as insecticides, in the production of 
dyes, and in the vulcanization of rubber [8], 


Thiocyano derivatives of B~-diketones have been studied very little, and thiocyanoindanediones are total- 
ly unknown, Since halogenation, nitration, and sulfonation of 1,3-indanediones generally proceed readily, it was 
of interest to carry out thiocyanation of these compounds, There is some information available in the literature 
concerning thiocyanation of compounds at an active methylene group [9,10]. 


As is well known, 2-phenyl-1,3~indanedione is an active blood anticoagulant, and it is used in the Soviet 
Union under the name of “phenyline.*  2-Chloro-, 2-bromo-, 2-nitro-, and 2-hydroxymethy]-1,3~-indanediones 
have been found to be active blood anticoagulants {11]. Therefore, it was important to establish the effect of the 
thiocyano group on the anticoagulant action of phenyline, 


2-Thiocyano-2~-phenyt 1,3-indanedione (II) was prepared by two routes: by an exchange reaction between 
2-bromo-2-phenyl-1,3-indanedione (1,Ar = CgHs) and potassium thiocyanate and by direct thiocyanation of 2- 
phenyl~-1,3~-indanedione (II, Ar = CgHs) with potassium or ammonium thiocyamate and bromine, The latter re~- 
action proceeds smoothly at + 2° in methanol or at 20° in glacial acetic acid, 


Ar = CoH; 
— NOo-P 
Colla — OCH P 
CioH2 — @ 
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The best results were obtained with the exchange reaction, Scheme A,and with direct thiocyanation in 
methanol, Scheme B, The only disadvantage of the latter method is that 1,3-indanediones are sparingly soluble 
in methanol, When the thiocyanation was carried out in glacial acetic acid, the yields were not constant, and 
the formation of yellow by-products was sometimes noted, 


2-Thiocyano~2-arylindanediones are white or light yellow crystalline substances.. They are stable in an 
acid medium, but alkalies split off the thiocyano group with the formation of enol salts of the corresponding aryl~- 
indanediones. According to preliminary investigations by M. N. Koptelova, 2-thiocyano-2-phenyl-1,3-indane- 
dione is more active as a blood anticoagulant than is 2-phenyl~1,3~indanedione itself, 


EXPERIMENTAL 


2-Thiocyano~2-phenyl-1,3~-indanedione (ILAr = CgHs), &) To a warm solution of 5 g (0,0166 mole) of 
2-bromo~-2-phenyi- 1,3-indanedione in 20 ml of absolute ether was added 1.8 g (0,0185 mole) of potassium thio- 
cyanate in 20 ml of methanol, A white crystalline precipitate formed when the two warm solutions were mixed. 
The reaction mixture was heated on a water bath for 30 minutes, and was then cooled; the precipitate was filter- 
ed and washed with water. The yield of 2-thiocyano-2-pheny]~-1,3-indanedione was 4.5 g (98 %); m.p. 123-124". 
Crystallization from methanol or glacial acetic acid yielded 3,9 g (85%) of a white crystalline material. The 
melting point was 124-126°, 


Found %: N 5,06. CygHjO,SN. Calculated %: N 5.02. 


b) 7 g (0.0315 mole) of 2-phenyl~1,3-indanedione and 5,75 g (0,0755 mole) of ammonium thiocyanate 
were dissolved by heating in 1100 ml of methanol; the solution was cooled to +2°, and a solution of 1,93 ml 
(0,0377 mole) of bromine in 25 ml of methanol saturated with ammonium bromide was added over a period of 
30 minutes. The red color of the solution changed to a violet-rose during the reaction, The solution was gradual~- 
ly diluted with water toward the end of the reaction. The yield of 2-thiocyano-2-nhenyl-1,3-indanedione was 
8.4 g (95.5%), and the yield after recrystallization from methanol was7.4 g (84%), The m,p, was 125~126°, 


Found %; N 4,74,CygHyO2SN. Calculated % N 5,02, 


c) 1g (0,045 mole) of 2-phenyl-1,3-indanedione and 0,82 g (0,0108 mole) of ammonium thiocyanate or 
1 g of potassium thiocyanate were dissolved by heating in 100 ml of glacial acetic acid; the solution was cooled 
to 20°, and a solution of 0,28 ml (0,0054 mole) of bromine in 15 ml of glacial acetic acid was added over a 
period of 30 minutes, The solution became almost colorless toward the end of the reaction, 2-Thiocyano-2- 
phenyl-1,3-indanedione precipitated when the solution was gradually diluted with water, The yield of raw 
product was 1,0-1,.15 g (87-92%), m.p. 123-124", and the yield after recrystallization from methanol was 0,9- 
1,05 g (72-84%); m,p, 124-126", 


Found N 4,82.CygHyO,SN. Calculated %: N 5,02, 


2-Thiocyano~2-phenyl~1,3~-indanedione is soluble in acetone, and is soluble in hot methanol, ethanol, and 
glacial acetic acid; it is difficultly soluble in ether and insoluble in water, It is soluble in sodium hydroxide so- 
lution, yielding a red solution ; the sodium salt of 2-phenyl-1,3~-indanedione precipitates from the solution, This 
same salt is formed as the chief product on treatment with alcoholic alkali, but a small amount of a yellow sub- 
stance with a mercaptan odor is also formed, This yellow substance is the major product when the dione is heat~- 
ed with anhydrous sodium hydroxide in absolute ethanol, 


2-Thiocyano-2-phenyl~1,3-indanedione dissolves in concentrated sulfuric acid yielding a yellow solution 
which temporarily turns violet and then darkens, When the solution is diluted with water, a new substance with 
the former nitrogen content precipitates. 2-Thiocyano-2-phenyi-1,3-indanedione remains unchanged when heated 
with concentrated hydrochloric acid, 


2-Thiocyano-2-p-nitrophenyl~1,3~ind anedione (Il,Ar = CgHg-NO,-p) a) To a solution of 1.2g (0.0035 mole) of 
2-bromo~2-p~-nitrophenyl-1,3-indanedione in 10 ml of dioxane was added a solution of 0.4 g (0.0041 mole) of 
potassium thiocyanate in a mixture of dioxane and methanol (1;1), and the reaction mixture was refluxed for 
20 minutes, Dilution of the reaction mixture with water precipitated 0.8 g (72%) of a yellow substance with an 
m.p. Of 119-122’, Recrystallization from glacial acetic acid gave light yellow crystals of 2-thiocyano-2-p-ni- 
trophenyl~1,3-indanedione with an m.p, of 126-128", 


b) To a solution of 2 g (0.0075 mole) of 2-p-nitrophenyl~1,3-indanedione and 1,36 g (0.0178 mole) of 
ammonium thiocyanate in 435 ml of glacial acetic acid at 20° was added dropwise 0,46 ml (0.0089 mole) of 
bromine in 25 ml of glacial acetic acid; further treatment was as described for the preparation of 2-thiocyano~- 
2-phenyl-1,3-indanedione by method (b), The yield of raw product was 1,5 g (62%); m.p, 128°, 


c) Toa solution of 1 g (0.0037 mole) of 2-p-nitrophenyl~1,3-indanedione and 0,84 g (0.0086 mole) of 
potassium thiocyanate in 250 ml of glacial acetic acid was added dropwise a solution of 0,22 ml (0,0043 mole) 
of bromine in 15 ml of glacial acetic acid; further treatment was as described above, The yield of 2-thiocyano- 
2-p-nitropheny|-1,3-indanedione after recrystallization from glacial acetic acid was 0.65 g (53.7%); m.p. 127- 
128°, 

Found %: N 8.27.CygHgO4SNz. Calculated %: N 8.61. 


2-Thiocyano~2-anisyl-1,3~indanedione (II Ar = CeH4—OCH,-p). To a solution of 0.94 g (0.0037 mole) of 2- 
anisyl~1,3-indanedione and 0,68 g (0.0089 mole) of ammonium thiocyanate in 60 ml of glacial acetic acid at 
20° was added dropwise, over a period of 30 minutes, a solution of 0.27 m1 (0.0045 mole) of bromine in 5 ml of 
glacial acetic acid, The red solution became almost colorless, Dilution with water yielded 1.1 g (96%) of 
yellowish crystals. After recrystallization from methanol, the yield of 2-thiocyano-2-anisyl-1,3-indanedione 


was 0,85 g (74%), The white crystals melted at 138-140", 


2-Thiocyano~2- a-naphthy)~1,3~indanedione (II, Ar = CyHy-a). The reaction at 20° of 1.5 g (0.0055 
mole) of 2-q@-naphthyl-1,3-indanedione and 1 g (0.0131 mole) of ammonium thiocyanate in 250-300 ml of 
glacial acetic acid with 0,33 ml (0,0066 mole) of bromine in 10 ml of glacial acetic acid gave 1,7 g (94%) of 
yellowish 2-thiocyano-2- a-naphthyl-1,3-indanedione with an m,p, of 127, After recrystallization from meth- 
anol, the yellowish crystals melted at 126-127°. The substance was readily soluble in benzene and chloroform, 
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The investigation by I, I. Kornilov and L. I, Pryakhina of phase equilibrium in a seven-component system 
(Ni-Cr-W-Mo-Nb-Ti-Al), for the purpose of obtaining data foi the construction of the equilibrium diagram, has 
made it apparent that it is necessary to study in detail the excess phases formed in alloys and located in separate 
regions of this system. 


The present paper presents the results of an investigation in which the metallic compounds formed in alloys 
containing different amounts of niobium were separated and their compositions and structures were established; 
the investigation was carried out by the intermetallide analysis method, Our experiments showed that in these 
multicomponent alloys, solid solutions based on the metallic compound Ni,Nb are formed. 


Fig. 1. Microstructures of the alloys investigated; a) alloy 3, b) alloy 8, c)alloy 
21a, 200 x, 
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TABLE 1 


Isolation of the Ni,Nb Phase in Different Electrolytes (comparative data) 
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Fig. 2. Electrode potentials of the compound Ni,Nb 
(a) and of the jy -solid solution in different electro- 
lytes; 1) 50 ml of HClO, (57%), 35 g citric acid, 1000 
m1 of CHsOH; 2) 5 g of NH,Cl, 7.5 ml of HC1 (1.19), 
20 g of citric acid, 1000 ml of CH,OH; 3) 50 ml of 
HC10, (57%), 10 ml of HC] (1.19), 35 g of citric acid, 
1000 ml of CH,OH; 50 ml of HCl (1.19), 35 g of citric 
acid, 1000 ml of CH,OH. 
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Fig. 3, Anode polariza- 
tion curve for the electro- 
lyte consisting of 50 ml of 
HC10, (57%), 10 m1 of HC] 
(1.19), 35 g of citric acid, 
and 1000 ml of CH,OH. 


Preliminary experiments showed that isolation of an 
intermetallide phase containing niobium (Ni,Nb) is favored 
by an inert medium owing to the strong tendency of the 
anode deposit toward oxidation during electrolysis in aqueous 
electrolytes, In order to be able correctly to select the best 
electrolyte composition, we carried out measurements of the 
electrode potentials of the chemical compound Ni,Nb and 
the solid solution in different electrolytes (Fig. 2); the meas- 
urements were made by the method of [1, 2]. 


Comparative data on the isolation of the Ni,Nb phase 
in different electrolytes are presented in Table 1; the data 
were obtained at room temperature, 


Microchemical analysis of the anode deposit iso- 
lated in the various electrolytes showed that the composi- 
tion of the compound is the same in all cases and is close 
to stoichiometric, 


The results of the investigation of the effect of cur- 
rent density on the yield and composition of the Ni;Nb 
phase are presented in Table 4, These results show that at a 
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current density of 0,01 to 0.2 amp/sqem during anode solution, the yield of the phase was 16,30 %, while at a 
current density above 0.2 amp/sq cm, there was a sharp decrease in the percentage yield, but the phase composi- 
tion was not affected, It may be assumed that the decrease in the percentage yield of the phase with an increase 
in current density is due to heating of the electrolyte around the sample during electrolysis. 


Oxidation reactions associated with the anion discharge process did not occur; solution of the anode at the 
various current densities (0,05, 0.1, 0.2, and 0.3 amp/sq cm) proceeded with only very insignificant changes in 
anode potential, The nature of the polarization curve (Fig. 3) indicates that the process occurred without de- 
crease in the potential, 


Data from the study of the effect of temperature during the electrolytic process on the yield and composi- 
tion of the phase are presented in Table 5, These data indicate that a metallic compound based on NigNb (yield 
of the phase, 16.30%) separates at temperatures of 0 and +18*, When the temperature was lowered to —8°, the 
solid solution, as well as the Ni,Nb phase, was passivated, and this somewhat increased the yield of the NisNb 
phase, Passivation of the solid solution evidently is caused by a decrease in the activating action of Cl*fons upon 
considerable cooling of the electrolyte, 


On the basis of the above, the optimum conditions for the isolation of the Ni,Nb phase have been established. 
Data from the intermetallide and x-ray structural analyses of the alloys are presented in Tables 2 and 4, The x- 
ray investigation was carried out by the powder method using a GFTI-1 camera and iron radiation, 


The phase separated from all of the alloys was a solid solution based on the compound Ni,Nb; it had a 
rhombic crystal lattice, 


On the basis of the closeness of atomic radii, it may be assumed that Cr atoms (1.28 A) can replace Ni 
atoms (1.24 A), and that W atoms (1.41 A)and Mo atoms (1,40 A ) can replace Nb atoms (1.47 A). 


TABLE 4 


Effect of Current Density on Yield and Composition of the Ni,Nb Phase (electrolyte: 
50 ml HC1O, (57%), 10 ml HC] (1,19), 35 g citric acid, and 1000 ml CH,OH) 
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5 _ |Electiviyte Phase com osition, wt. % X-ray 
Xo temp., C structural 
5 @ (2:6 final Ni | Nb | Cr |W |Mo|total|  {ndicates 
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| 
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| 


: | 2,65 | 5,20 | 2,22] 99,97 Ni,Nb 
05 36 | ¢ 2,65 | 5,20 | 2,22 | 99,97 Ni,Nb 
0,1 18 1x 20 0.3716 | 16,30 | 59,92 | 29,87 | 2,65 | 5,20) 2,20] 99,84 Ni,Nb 
0,2 9 | 18 22 0,3740 | 16,27 | 59,98 | 29,92 | 2,65] 5,20] 2,22] 99,97 Ni,Nb 
025 | 25] 46 25 0,3750 | 9,92 | 59,98 | 29,92 | 2,65] 5,20] 2,20] 99,95 Ni,Nb 
0.3 6 | 18 28 0,3784 | 7,07 | 59.98 | 29,92 | 2,65] 5,20] 2,22] 99,97 Ni,Nb 


TABLE 5 


Effect of Temperature on the Yield and Composition of the Phases electrolyte : 
1000 ml methanol,35 g citric acid, 50 ml perchloric acid (57 % ), and 10 ml HCl 
(1.19) ). 


temp.,"C P Position, wt. structural 

initia] final |53 & | x Ni Nb | Cr |W | Mo |total ingicates 

18 20 18 | 0.2716 | 16,30 | 59,92 | 29,87 | 2,65 | 5,20] 2,20 | 99,84 Ni,Nb 

0 | 42.5 Of 18 | 0,3642 | 16,33 | 60,00 | 29:88 | 2,66 | 5,25 | 2,20 | 99,99 NisNb 
—8 —7 | 18 | 0,354 | 17,20 | GO.41 | 29,40 | 2,65 | 5,52 | 2,27 | 99,0 Ni Ib, Ni 

(Ni (cubic), 


a 3.59X A) 
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Therefore, the compound formed in the alloy can be represented by the formula (Ni, Cr)s(Nb,W,Mo). 


Analyses of the electrolysis products (analyses of the anode powder and the electrolyte) established the 
distribution of the alloying elements between the y-solid solution and the NisNb phase (Table 5). 


This investigation has established the amounts and compositions of the Ni;Nb phase and the y-solid solu- 
tion in the individual alloys of the system investigated, 
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The structure of the cyclopropane ring has not received a complete interpretation from the point of view 
of contemporary theory, There are several papers in which it is proposed that hybridization of the valences of 
the carbon atoms {fs close to sp’, i.e., trigonal hybridization [1-3], In other words, a cyclopropane carbon atom 
is closely similar to a carbon atom in ethylene, While the valence distribution in the ethylene molecule is quite 
clearly described b y contemporary theory, the manner in which a three-membered ring is formed by three sp” 
carbon atoms {s much more problematical. It is easy to conceive that two of the sp? orbitals of each carbon are 
used for the formation of the two C —H bonds, which, as in ethylene, are disposed at an angle of about 120° [4-6]. 
Hence, the third sp? orbital and the fourth, p» orbital of each carbon must participate in the formation of the 
C-—C bonds of the three-membered ring, Various ideas have been expressed as to the route by which interaction 
of these six (3 sp” and 3 p) orbitals takes place to form three C —C bonds, In the different variants of these ideas, 
it is assumed that one of the valences of each carbon is almost pure p orbital and, consequently, is very simiiar 
to orbitals which form 7m bonds, From this point of view, it is possible to speak of the presence in the cyclo- 
propane ring of a ®m-electron cloud," which, according to contemporary theory, is disposed around the perimeter 
and in the plane of the triangle (Fig. 1). Its presence must make possible conjugation of the three-membered ring 
with such unsaturated groups as a carbon—carbon double bond, a carbonyl] group, or a benzene ring. 


Since there should be conjugation only when the axes of the 
m clouds of the ring and the substituent are parallel or almost so, it 
is evident that the position of the several substituents in space should 
have a greater or lesser effect on the development of conjugation, A 
paper has recently been published describing an investigation of the 
Raman spectra of 1,2-diphenyl- and 1-phenyl-2-cyclopropylcyclo- 
p propanes in which it was shown that steric factors have a specific ef- 
fect on the development of conjugation [7, 8], Thus, it was found 
that the conjugation effect is not the same in the two stereoisomers, 
and it was much stronger in one than in the other, Consideration of 


J three-dimensional models of the stereoisomers of these hydrocarbons 
showed that in the cis fsomers, owing to the closeness of the two sub- 
Fig. i, stituents, one of them or, to some extent, both are forced out of the 


position favorable to conjugation, For precisely this reason, the stereo- 
isomers in which conjugation was less were assigned cis-configurations. On the basis of these same considerations, 


it might be assumed that there should be no conjugation in 1,1-diphenylcyclopropane, since the two phenyl! groups 
can only have spatia) dispositions such that their m clouds are not paraliel to the plane of the three-membered ring, 


7 
/ 
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Ss 
2 
55 


The experimental data confirmed this assumption; practically no conjugation was detected in this hydrocar- 
bon, judging from the Raman spectra, ° 


The reactivities of cis~ and wans~1,2-diphenylcyclopropanes and 1,1-diphenylcyclopropane were studied 
in the present work by means of the previously described hydrogenation reaction in the presence of palladium 
black [9-12], The data obtained are in agreement with the results of the investigation of the Raman spectra of 
these hydrocarbons. Thus, it was found that 1,1-diphenylcyclopropane behaves like an unconjugated hydrocarbon 


in this reaction, and no hydrogen at all ts added,while cis-and trans-1,2-diphenylcyclopropanes add hydrogen to 


the two less hydrogenated carbons of the ring with the formation of 1,3-diphenylpropane, 


CHy 


— CH, — He: Pa ( 
V7 SZ \7 


It is interesting that here too, steric factors exert an appreciable effect, Thus, trans-1,2-diphenylcyclo- 
propane is hydrogenated at a significantly greater rate than is the cis isomer, the hydrogenation rate of which 
is less than that of phenylcyclopropane, Apparently, the closeness of the ortho hydrogen atoms of the phenyl] 

groups in cis-1,2-diphenylcyclopropane disturbs the conditions which are optimum for conjugation of both benzene 


rings. In this manner, it was shown that the reactivity of diphenylcyclopropanes depends on the positions of the 
substituents in space. 


EXPERIMENTAL 


The hydrocarbons used in the present work were prepared by decomposition of the corresponding pyrazoline 
bases; Phenylcyclopropane was obtained in 70% yield from 5-phenyl-2-pyrazoline, which was synthesized by the 
action of hydrazine hydrate on cinnamaldehyde [13]; 1,2-diphenylcyclopropane was obtained in 70% yield from 
3,5-diphenylpyrazoline, which was synthesized by the action of hydrazine hydrate on benzylideneacetophenone 
{14}; 1,1-diphenylcylopropane was obtained in 83% yield from 3,3-diphenylpyrazoline, which was prepared by the 
action of diazomethane on 1,1-diphenylethylene [15]. 


The hydrocarbons were distilled under reduced pressure in a column with an efficiency of 30 theoretical 
plates. The separation of 1,2-diphenylcyclopropane into the stereoisomers was accomplished by continuous dis- 
tillation of 100 g of the hydrocarbon in a column with an efficiency of 100 theoretical plates. The degree of 
purity of the stereoisomers was 99.8 %, as determined by freezing point. 


Hydrogenation of 1,2-diphenylcyclopropane, Experiment 1, Forty ml of alcohol, 0,32 g of Pd black, and 
24,6 g (0.127 mole) of a mixture of the 1,2-diphenylcyclopropane isomers were used, The hydrogen absorbed 
amounted to 2758 ml.** The amount of hydrogen corresponding to hydrogenation of one mole of the cyclopropane 
is 2840 ml. The catalyzate was separated and dried, and then distilled in a column with an efficiency of 30 
theoretical plates, Six fractions boiling from 154,0 to 157,0° (8-9 mm) were collected; these fractions had the 
following constants: n™D 1,5598 —1.5601 and ?, 0.9800 —0,9803, When distilled under atmospheric pressure, 
the substance boiled at 298,2° (760 mm); it had the following constants; np 1.5598 and a) 0.9801, Constants 
of hydrocarbons which could have been formed are presented in Table 2, 


A comparison of the constants of the hydrocarbon obtained in the hydrogenation with the data of Table 2 
shows that 1,3~-diphenylpropane is formed by hydrogenation of 1,2-diphenylcyclopropane, 


Experiment 2, _‘In this experiment, 6.63 g(0.0342 mole) of cis-1,2-diphenylcylopropane, 0.2 g of Pd black, 
and 85 ml of alcohol were used, The hydrogen absorbed amounted to 809 ml (766 ml is the theoretical amount), 


The catalyzate (5,4g)had the following constants: b.p, 138-140° (5-6 mm), n*°p 1.5598, d, 0.9802, L.e., 
the product was 1,3-diphenylpropane, For purposes of comparison, phenylcyclopropane and the stereoisomers of 


* The Raman spectrum of 1,1-diphenylcyclopropane will be published in the near future. 
**In all cases, the volume of hydrogen has been reduced to standard conditions, 


Hydrocarbon B.p., C/mm 


Phenylcyclopropane 91.4-91.5°/52 | 1.5337 | 0.9415 
cis-1,2-Diphenylcyclopropane 131,6 - 131,7/4,8 | 1,5887 | 1,0290 
trans-1,2-Diphenylcyclopropane 144.1 — 144,275,2 | 1.5997 | 1.0346 


1,1-Diphenylcyclopropane 135.0°/6.5 1.5878 | 1,0330 


TABLE 2 


Bina “C 


20 20 
Hydrocarbon (760 mm) 


1,2-Diphenylpropane [16] 283.66 1.5585 | 0.97739 
1,3-Diphenylpropane [16] 298.7 1.5594 | 0.97996 


TABLE 3 


Hydrogen - 
ation rate, 
alco- | ab- __reqd. by| m/min 


Chargedtothe reaction |Amount H, ml 


Hydrocarbon hydrocarbon 


| g |moles orbed calc. (average) 


ropane 0,57 |0,0048 
cis-1,2-Diphenylcyclopropane 0,93 |0,0048 


0 120 108 

0 
cis-1,2-Diphenylcyclopropane 6,63 |0,0342) 0 

0 

0 


0 5 
| : 100 | 107 3 
12 5 | 809| 766 6 
06 | : 108 | 107 8 
776 | 766 13 


trans-1,2-Diphenylcyclopropane | 0,93 |0,0048 
trans-1,2-Diphenylcyclopropane | 6,63 |0,0342 


1,2-diphenylcyclopropane were hydrogenated under the same conditions, and the hydrogenation rates were cal- 
culated, The results are presented in Table 3. 


The data of Table 3 show that the hydrogenation rate of trans-1,2-diphenylcyclopropane exceeded the 
hydrogenation rate of the cis isomer by more than a factor of two, The hydrogenation rate of phenylcyclopro- 
pane was intermediate to the hydrogenation rates of cis- and trans- 1,2-diphenylcyclopropanes, 
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The properties of ethynylpyridines have not been investigated, The only known representative of this 
series — 3-ethynylpyridine — has been characterized only by its physical constants [1], However, it might well 
be assumed that the activity of the triple bond and of the acetylenic hydrogen in such compounds would be higher 
than in phenylacetylene, 


We added a molecule of bromine to 2-methyl-5-vinylpyridine, The action of alcoholic alkali on the result- 
ing 2-methyl~-5~ (1,2-dibromoethy])pyridine (I) gave 2-methyl~5~ethynylpyridine (II) and, as a by~product of the 
reaction, the corresponding a-vinyl ether (II). The structure of ether (III) was confirmed by the fact that on 
saponification it was converted to the well-known 2-methyl~5~acetylpyridine (IV). 


It may be assumed that the action of alkali on dibromide (I) first splits out a 6-halogen atom, since under 
mild conditions, we obtained 2-methyl-5-(1-bromovinyl)pyridine (V) from this dibromide, It is interesting to 
note that the bromine atom in this bromide is easily substituted, Thus, by heating bromide (V) with sodium 
methylate, we obtained the vinyl ether (III) in 55% yield, Substitution of the bromine by a piperidine radical 
with the formation of 2~methyl-5-(1-N~-piperidylvinyl)pyridine (VI) took place just as readily, Thus, the ef- 
fect of the pyridine ring to a considerable extent decreases the passivating effect of the vinyl group on the car- 


bon — halogen bond, 


vi 
B 
tpiperiaine 
H—CH, NaOH C=—=CH, 

CH | | CH | 

Br to Br 
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on OcH, 
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Our 2-methyl-5-ethynylpyridine (II) had all of the properties of monosubstituted acetylenes; for example; 
with an ammoniacal solution of cuprous chloride, it forms the corresponding copper acetylide; hydration in a 
medium of dilute sulfuric acid in the presence of mercuric salts leads to 2-methyl-5~-acetylpyridine (IV); upon 
heating to 180° with alcohols and secondary amines, it forms the 6 -viny) ethers (VII) and 6 -vinylamines (VII). 


The structure of the 6 -vinyl ethers (VII) follows from the fact that the constants of the 2-methyl-5-(2- 
methoxyvinyl)pyridine (VI; R = CHg) obtained in this manner differed from the constants of the 2-methyl-5- 
(1-methoxyviny])pyridine (II) described above, Moreover, while hydrolysis of III formed the ketone IV, hy- 
drolysis of VII formed polymer at a high rate, which is characteristic of arylacetaldehydes, 


2-Methyl-5~ethynylpyridine enters rather readily into the Mannich reaction with the formation of the cor- 
responding acetylenic amines (IX). 


CH, 
Ry 


| CH CHy 
N 
vD 


Data on the physiological action of these substances will be the subject of a separate communication, 


EXPERIMENTAL 


2-Methyl-5-(1-bromovinyl)pyridine (V). To a solution of 119 g of freshly distilled 2-methyl-5-vinyl- 
pyridine in 240 g of glacial acetic acid, cooled to 0°, was added, with stirring, 160 g of bromine, and stirring 
was continued for an hour after the addition was complete; 500 ml of water was added, the reaction mixture was 
neutralized with a 40% solution of sodium hydroxide, and the resulting solution was steam distilled, The con- 
densate was extracted with ether; the extract was dried with magnesium sulfate, and the residue remaining after 
evaporation of the ether was distilled under vacuum, The yield was 107 g (54%), b,p. 103-104° at 10 mm; m.p. 
8°, nD 1.5820; 1.4154, The picrate melted at 167° (from alcohol), 


Found %; C 39.34, 39.37; H 2.72 , 2.77. CyHyO7N,Br. Calculated %:; C 39.35; H 2.82. 


2-Methyl-5~ethynylpyridine (II), To a cooled solution of 119 g of 2-methyl-5-vinylpyridine in 400 ml 
of methyl alcohol was added, with stirring, 160 g of bromine, After an hour, a solution of 160 g of potassium 
hydroxide in 200 ml of methyl alcohol was added, and the mixture was refluxed for 2 hours, The excess alcohol 
was distilled under vacuum, and the residue was washed with water and extracted with ether; the extract was 
dried, the ether was distilled, and the residue was distilled under vacuum, This resulted in 66.5 g (57%) of white 
crystals with a b, p. of 64-66°at 5 mm and an m.,p, of 51-52° (from petroleum ether), 


Found % ; C 82.20, 82.20; H 6.19, 5.96; N 11.86, 12.01. CgH7N. Calculated % ; C 82.02; H 6.02; N 1J.96. 


Moreover, 56.8 g (38.8%) of II was obtained; b.p. 94-96° at 4 mm; np, 1.5376 a, 1.0320, 
Found %: N 9,04, 9,02 CyHyON. Calculated %: N. 9.38. 


Hydration of 2~methyl-5~-ethynylpyridine, A solution of 11.7 g of II and 0.05 g of mercuric chloride in 
40 ml of 50% sulfuric acid was refluxed for 5 hours; the reaction mixture was made alkaline and then extracted 
with ether, and the ether extract was dried over magnesium sulfate; the solvent was evaporated, and the residue 
was distilled under vacuum. A yield of 11.5 g (86%) of IV was obtained; b.p, 107-108° at 10 mm; nD 1,5308, 
d, 1.0660, The oxime melted at 184° (from alcohol), which corresponds to the literature value [2]. 


60 


2-Methyl-5~(2-methoxyvinyl)pyridine (VII, R = CHs). A solution of 11.7 g of II in 16 g of methyl al- 
cohol was heated in an ampoule at 180° for 5 hours; the excess alcohol was distilled, and the residue was dis- 
tilled under vacuum, The yield was 6.8 g (46%); b.p. 118-120° at 10 mm; np 1.5600. 


Found N 9,36; 9.42 CgHyON. Calculated %; N 9,39, 


2-Methy1~5 ~(2~(2-diethylaminoethoxy)vinyl)pyridine (VII, R = CH, -CH,—N(CyHg) ), was similarly pre- 
pared from 5.9 g of 2-methyl~5~-vinylpyridine and 11.8 g of 2-diethylaminoethanol, The yield was 5.9 g (60%; 
b.p. 182-189° at 12 mm, n™p 1.5270, 


Found %; N 11,59; 11.65.CygH»ON,, Calculated %: N 11.96, 


2-Methy!-5~(2-N~-morpholylvinyl)pyridine. This was prepared in a similar manner from 9 g of II and 13 g 
of morpholine (8 hours, 165°), The yield was 4.6 g (40%) b,p, 193-195° at 7 mm; m.p, 65-66° (from acetone), 


Found %: N 13,59; 13.6% CygHygON,. Calculated %; N 13,72, 


2-Methyl~5~(2-N~piperidylvinyl)pyridine, This compound was prepared in a similar manner from 5.8 g 
of II and 8.5 g of piperidine, The yield was 7.1 g (70%) b.p, 185-190° at 10 mm; m.p, 32° (from acetone), 


Found % : C 76.50, 76.85; H 9.04, 8.99. CyHygN, - Calculated % ; C 77.18; H 8.97. 


The picrate melted at 154-156" (from alcohol), 


2-Methyl~5~(1-N ~piperidylvinyl)pyridine, A mixture of 9.5 g of V and 8.5 g of piperidine was refluxed 
for 5 hours and the reaction mixture was then made alkaline with a 2 N solution of potassium hydroxide and 
extracted with ether; the extract was dried with magnesium sulfate, the ether was evaporated, and the residue 
was distilled under vacuum to yield 5.8 g (57.5%) of VI; b.p. 194-195° at 10 mm; np 1.5675. 


Found % ; N 13.68, 13.58. CyHygNz- Calculated % : N 13.85. 
The picrate melted at 128-130° (from alcohol), 


2-Methyl-5-(3-N-morpholyl-1-propynyl)pyridine, A mixture of 5,9 g of II, 4.8 g of morpholine, and 
1.6 g of paraformaldehyde was refluxed in 10 ml of dioxane for 8 hours; 4 g of solid potassium hydroxide was 
added, and the mixture was distilled under vacuum, The yield was 3.8 g (51%); b.p. 196-198" at 12 mm; n™p 
1.5540, The picrate melted at 183-185° (from alcohol ). 


Found % ; N 15.63, 15.92. CygHaOgNs- Calculated % ; N 15.73. 
2-Methyl~5~(3~-N -piperidyl~1-propynyl)pyridine, This compound was prepared in a similar manner from 


5.9 g of Il, 4.5 g of piperidine, and 1.8 g of paraformaldehyde, The yield was 9.1 g (92%); bp. 182-183" at 
11 mm, np 1,5550, 


Found % ; N 12.73, 12.88. CyHygN» Calculated %; N 13.07. 


The picrate melted at 179-181° (from alcohol), 
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The formation of stable, nonionic bonds with carbon, sulfur, and, to some extent, with nitrogen {is one of 
the characteristics of mercury, This property is apparent, for example, in the case of mercury derivatives of the 
enol form of ketones and isatin, these being C and N derivatives, respectively, The alkali metals (and many 
others) form O derivatives in this case [1-4]. The behavior of mercury linked to molecules of other tautomeric 
and pseudomeric systems is of particular interest, especially in view of the fact that metallotropic tautomerism 
is not actually known, The problem is complicated by the fact that mercury, in the form of mercuric salts, 
readily mercuriates aromatic rings forming part of a tautomeric system [5]. The mercuriating ability of aryl- 
mercury salts, and even hydroxides, is very much less [6]. As a consequence, we undertook a study of arylmer- 
cury derivatives of a series of tautomeric and pseudomeric systems. 


The first example selected for study was the pseudomeric system of nitroaniline. Mercury derivatives of 
nitroanilines in which the mercury is not bonded to the aromatic ring were first prepared by Jackson and Peaks [7] 
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and later by Kharasch and co-workers [8]. Jackson and Peaks considered their compounds to be N derivatives of 
nitroanilines; however, Kharasch, on the basis of the brilliant color of these compounds, assigned to them the 
structure of quinone-imide aci-nitro salts, The reaction of arylmercury hydroxides with nitroanilines and nitro- 
naphthylamines gave their arylmercury derivatives according to the scheme: 


RIIgOH + HA — RIIgA + H,0, 
where R = CgHs —, 4-(CHg)gNCgH, —, and NA is nitroaniline or nitronaphthylamine (see Table 1), 


Arylmercury acetates do not react with nitroanilines, even on prolonged heating. The compounds prepared 
from the hydroxide are brilliantly colored crystalline substances which are soluble in organic solvents, They are 
not affected by the action of hot alkalies, but are easily decomposed by dilute solutions of mineral acids, potas~ 
sium fodide, and sodium sulfide with the formation of the arylmercury compounds and free nitroanilines. Con- 
sequently, the arylmercury radical {is not joined directly to the aromatic ring in the nitroaniline, and the com- 
pounds must have the structure of either N derivatives or quinone-imide aci-nitro compounds, 
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In order to resolve this question, absorption spectra were obtained for the compounds prepared, the starting mat- 
erials, and also for the N-benzyl and N-pheny] derivatives of the nitroanilines Figs. 1-3 and Table 2) .* 


TABLE 2 


Compound 


H,NC,H,NO,-2 
C,H,HgNHC,H,NO,-2 
(CH,).NC,H,HgNHC,H,NO,-2 
C,H,NHC,H,NO,-2 
C,H,CH,NHC,H,NO;-2 
1-H,NC,,H,NO,-4 
1-H,NC,,H,.NO,-2 
1-(CH,),NC,H,HgNHC,,HNO,-2 
2-H,NC,,H,NO;-1 


CoH, HgOCOCH, 


Solvent 


C:H,OH 

solvent 
solvent 
solvent 
solvent 

CH,COOC,H, 

solvent 
C,H,OH 


solvent 
CH,COOC.H, 


solvent 
C,H,OH 


6400 
11500 


6600 
27500 


The spectra of our compounds bore a great 
similarity to the spectra of the corresponding nitro- 
anilines and nitronaphthylamines, and the position 
of the major maxima practically coincided with 
the position in the spectra of the starting materials, 
The absorption curves of the phenylmercury deriv- 
atives were similar in form to the spectra of the 
nitroanilines; consequently, the intrinsic absorption 
of the phenylmercury radical ts very weak and has 


little effect on the nitroaniline spectrum, There 


was a difference in the spectra of the compounds 
and the spectra of the starting materials in the short- 
wave region in the case of dimethylaminopheny)- 
mercury derivatives; this was caused by the super- 
position of the intense intrinsic absorption of the di- 
methylaminophenylmercury radical on the nitro- 
aniline spectrum. This effect increases significantly 
under the influence of the nitroaniline radical, The 
same effect was observed with a change from dime- 
thylaminophenylmercury acetate to bis( dimethyl - 
aminophenyl)mercury (sce Fig. 3), In spite of these 


differences, the lack of a change in the form of the bands and the position of the major maximum indicates that 
the compounds are N derivatives of nitroanilines and nitronaphthylamines, 


It is well known that the introduction of electron-donor groups into the amino group of nitroanilines leads 
to a bathochromic shift and to an increase in the intensity of absorption at the major maximum, and the 


*The absorption spectrawere obtained with a spectroscope in the Optical Laboratory of the INFOS, Academy of 
Sciences, USSR. 
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introduction of electron-acceptor substituents causes a hypso- 
chromic shift and a decrease in the intensity of absorption [ 9- 
Hy, 12}. That the position of the major maximum in the spectra 
“7 in ethyl acetat of the nitroanilines did not vary with the introduction of an 
" arylmercury substituent into the amino group indicates that 
' the arylmercury radical, acting as a pseudoatom, bears a 
great similarity toa hydrogen atom with respect to the effect 
on the chromophore system of nitroaniline, On the basis of 
the work reported in reference[13], which established a con- 
in ethyfacetate nection between the absorptionof substituted benzenes and 
a Hammett's o constant of the corresponding substituent , it 
a. may be considered that this similarity is of a more general 


Pa \. character, extending to the inductive effect of an arylmercury 
radical. 


na 6 8 Mem! From a consideration of the intensities of the major 
maxima in the spectra of the arylmercury derivatives, it 
Fig. 3. follows that the phenylmercury radical has weak electron- 
acceptor properties, while the dimethylaminophenylmercury 
radical can develop both weak electron-acceptor and weak 
electron-donor properties, A comparison of the spectra of the phenylmercury derivatives with the spectra of 
N~benzyl-and N-phenyl~substituted nitroanilines shows that the nature of the phenylmercury radical is the op - 


posite of that of the benzyl radical, and its electron-acceptor properties are more weakly expressed than are 
those of the phenyl radical, 


In conclusion, we express our deep appreciation to Academician A, N. Nesmeyanov and to I. V. Obreimov 
for helpful consideration during the course of the work, 
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In recent years, investigations in the field of organosilicon compounds containing an StH bond have open- 
ed up new routes (addition reactions, telomerization, thermal condensation, etc.) for the preparation of a number 
of important organosilicon monomers: CgHsSiCls, CHsSi(CgHs)Clz, CHySiCl,CH = CHg, 

(CgHsg )gSiC1(CgHs )SiHC1,, and many others [1], These compounds were prepared mainly 
from hydrogen~-containing silicon halides containing one Si-H bond; ClsSiH, CHsSiCl,H, C,HsSiHCl,, CgHsSiHCl,, 
and certain others, The use of dichlorosilane, Cl,SiHg, which contains two reactive Si-H bonds together with 


two chlorine atoms, has opened up very promising new possibilities for the synthesis of diverse organosilicon 
monomers [2]. 


In further developing our initial work on the synthesis of hydrogen-containing organosilicon monomers, we 
used methylchlorosilane in the present investigation; this compound may be prepared readily and in good yields 
by disproportionation of CHgSiHCl, in the presence of cyanamide catalysts [3]. We hoped that by carrying out 
the reaction at one or both SiH bonds of the methylchlorosilane we could accomplish the synthesis of a series 
of organosilicon monomers by a scheme which does not involve the use of an organometallic compound; 


CHa 

CH,SiH2Cl + RC] ——-~ (CHs) (R) SiHCl ————~ Cl — SiCH.CH,Si — Cl 


R R 


CHs CH, CH, 
CH=CH 
XCH,CH,” SilICI - Cl—SiCH,CH,Si — CI 


CH,SiHaCl + CH, = CHX XCH,CH, 


> Si (CHy CHa 
ci 
where R — Cell;, = CH—, X —H, CHs, CFs etc 


As examples of the synthesis by Scheme (1), we sclected the thermal condensation of methylchlorosilane 
with chlorobenzene and with vinyl chloride at temperatures of 550-650° and atmospheric pressure, having 


previously examined these reactions with dichlorosilane [2], Methylchlorosilane undergoes thermal condensation 
with CgHsC1 and with CHy= CHC! more difficultly than does dichlorosilane; in the present case, the yield of prod- 
ucts of reaction at the first Si-H bondswas significantly less under identical conditions, In this respect, the re- 
actions of Cl,SiH and CHsSiHCl, with chlorobenzene presented the same picture [4]. Morecver, while thermal 
condensation of dichlorosilane with chlorobenzene gave up to 10% of the product of reaction at two Si-H bonds, 
in the case of methylchlorosilane, we were unable to isolate any methyldiphenylchlorosilane. 


TABLE 1 


The Addition of the Silicon Hydrides CHsSiHgC], CHgC,HsSiHCl, and CH3(CgHs)SiC1H 
to Unsaturated Compounds in the Presence of an 0,1 M Solution of Chloroplatinic Acid 
in Isopropyl Alcohol 


Materials (8 (mole) 2-4/8 Reaction products 
Bla! 


| 
| 
| 


CH,SICIH, 20,2(0,25) | 0,3} 20 | 0,5 | 21.5] CH, (C2H,)SiCIH 9,1]42,0 

CH, = CH, 5,6(0,20) CH, 5,0]18,0 

CH,SiCIH, 16,6(0,21) | 0,2] 20 | 20 1,0 | 24.0] CHI, (C.H,), SiCI 19,5/69,0 
CH, (C,H) SiCIH 8,0 

= CHCH, 5°5(0.42) 

CH,SICIH, 16,1(0,2) | 0,4/150 3,5 | 26,2] CH, (CF,CH,CH,) SiCIIT 5,0115,0 

CH, =- CHCF, 18,2(0,19) CH, (CF,CH,CH,), SiC] 7,0127,0 

CH,SICIH, 8,41(0,4) | 0,5] 138 [22,6] 5,0 |£6,4] CH, (C,H,) (Cl) SiCH,CH,CF, 

CH, = CHCF, 20,0(0,24) Cl Cl 27,5|67,0 

CH,C,H,)Si CIH 241,6(0.2) | 0,4] 167 12,5) 2.5 | 40,0 

CH, == CHCF, 20,0(0,2) CH, (C,11,) SiCH,CH,Si (C;H,) CH, | 6,5)/56,0 

CH, (CH) SiCIM | 10,3(0,1) | 20 10] 2,0 | 10,0 Cl cl 

=Clil | 

CH, (C,H,) SiCIH 14,1(0,09) | 0.5) 20 15] 0,4 115.0] CH, (C,H) (C,H,)CH, | 9,4/61,0 

Ci 


As may be seen from the data of Table 1, Scheme (2), in contrast to Scheme (1), proceeded considerably 
more readily. Methylchlorosilane reacted almost as readily with ethylene and propylene as did dichlorosilane, 
This was equally true for the reaction at one and at both of the Si —H bonds of methylchlorosilane. (CH3) (C,Hs) 
SiHCI1, which was obtained in good yield from the reaction with acetylene, was readily converted in the presence 
of to (C1)SiCHyCH,Si(C1) (CyHs)CH3. (CH ) (CgHs)SiHC! also reacted with under 
the same conditions giving a fluorine-containing compound of the type RR'R"SiCl. 


It was more difficult to add methylchlorosilane to trifluoropropylene than to propylene, In this respect, 
CHgSiH,C! behaves similarly to Cl,SiH». 


As a result of the present work, we may hope to accomplish the total synthesis without the use of organo~ 
metallic compounds of such chlorine-containing alkyl(aryl)silanes and disilanes as (CHg) (R)S{HC1, (CH3) (R)gSicl, 
(CH3)(R')(R")SiC1, and (CHs)(C1) (CHg), where R, R', and R® are 
C3H7-, CFsCH,CH, —, and other groups. 


EXPERIMENTAL 


1. Preparation of methylchlorosilane. CH3SiClH, was prepared by disproportionation of CH,SiCl,H® in the 
presence of dimethylcyanamide [3]. To the flask of a rectification column packed with nichrome packing (30-50 
theoretical plates) was charged 200 g of CH,SiC1,H and 14 g of previously activated dimethylcyanamide, The 

methylchlorosilane was taken overhead continuously and condensed in a trap cooled with solid CO, and acetone. 
The reaction time was 5-6 hours. The original CH3SiCl,H and the CH,SiCl, were distilled from the same flask. 
A fresh portion of CH,SiCl,H was added to the residue, which contained the catalyst and some CH,SiCl,, and the 


* Careful purification of the methyldichlorosilane from Cl,SiH was required for this rearrangement. 
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reaction was repeated in exactly the same manner as described above. The yield of methylchlorosilane was 
50-60 % of theoretical. A total of 290 g of pure CH,SiH,Cl was obtained from 700 g of CH,SiCl,H. The catalyst 
did not lose activity over many repetitions of the experiment. 


2. Addition of CHgSiClH, and CHg(C,Hs)SiC1H to unsaturated compounds, The reaction conditions and 
the result of all of the experiments on the catalytic addition of methylchlorosilane and methylethylchlorosilane 
to unsaturated compounds in the presence of chloroplatinic acid are presented in Table 1, and certain of the 
physical constants of the products are presented in Table 2, 


3. Preparation of methylphenylchlorosilane, CHy(CgHg)SICIH. A mixture of 24.2 g (0.3 mole) of methyl- 
chlorosilane and 39,5 g (0.35 mole) of chlorobenzene was passed, over a period of 2 hours and 40 minutes, 
through a glass tube having an internal diameter of 23 mm and a reaction-zone length of 600 mm; the reaction 
temperature was 


TABLE 2 


Physical Constants of the Reaction Products 


MR 


found jcalc. 


CH,SICIH, 8—9°/745 
CH, (CH, — CH) SICIH 

CH, (C,11,) SiCIH 

CH, (C,H,) SiCl, 

CH, SICIH  * 
CH, (CF,CH,CH,),SiCI 
F,CH,CH,) SiCI * 140°/7 

1) SiCH,CH,Si (Cl) (C,H,) CH, 100,5—101 ,5°/10 
1) SiCH,CHI,Si (Cl) (C,H,) CH, ** 207—209°/9 


CH, (C,H,) (¢ 
CH, (C,11,) (¢ 
3) 


CH, (Cyl 


* This represents the first preparation of these substances, 
*M.p. 59-60°, 


Fractional distillation of the resulting condensate gave: 7 g of CH,SiClH2, b.p, 8-10°; 8 g of CH,SiC],H , 
b.p. 39-42°; 9.4 g of CgHg, b.p. 78-79.5°; 15 g of CgHsCl, b.p. 128-129.5°; 7.4 g (15.5 %) of CHg(CgHs)SiCIH, 
b.p. 176° (740 mm), a, 1.0540; nD 1.5171; MR found 44,99, (calculated 45.22); 7.1 g (12.5% yield) of 


CH,(CgHs)SiCl,, bsp. 197° (740 mm), qd, 1.1814; nD 1.5194; MR found 49,13 (calculated 49,16); and 4,1 g of 
residue boiling above 197°, 


4, Preparation of methylvinylchlorosilane CHg(CHz,=CH)SiC!IH. A mixture of 23,2 g (0.3 mole) of 
methylchlorosilane and 41.5 g (0.66 mole) of vinyl chloride was passed, over a period of 3 hours, through a glass 
tube having an internal diameter of 23 mm and a reaction-zone length of 600 mm, which was heated to 550-560", 
From the resulting condensate was obtained 3.7 g (11.5%) of CHg(CH,=CH)SICIH, b.p. 60,5° (761 mm), , 
0.9125; np 1.4140; MR found 29,21 (calculated 29.70). 
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0.9125 | 1.4140 | 29,21 | 29,70 
110540 | 1.5171 | 44.99 | 45522 
1814 1.5194 | 49/16 
111565 | 1.3651 | 34.44 34,89 
12791 | 113600 | | 
459871 | 49565 43,77 
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The reaction between benzoyl] peroxide (BP) and benzene proceeds by the so-called R-H scheme proposed 
by Gelissen and Hermans [1] 


ColsCoHs CoHsCOOH 4 CO, (1) main 
(CoH +- Colle 


4 
Cell ls Cel ly side 


Small amounts of terphenyl and quaterpheny] are formed simultaneously with the biphenyl. The authors 
considered that the formation of these compounds could also be explained by a reaction analogous to Reaction 
(1). This was confirmed by investigations of the reaction between BP and biphenyl [2], However, in our preced- 
ing work on the decomposition of BP in benzene using C-labeled compounds, it was observed that the calculated 
and observed isotope compositions of the biphenyl and quaterpheny] did not correspoad [3]. An experiment with 
labeled benzene under the conditions of Gelissen and Hermans showed that 41% of the phenyl radicals in the 
biphenyl comes from the benzene instead of the calculated 50% (Experiment 1). This value closely approached 
previously obtained data [3] and also the results of Milyutinskaya, Bagdasar'yan and Israilevich [4], who used 
deuterium labeled compounds, The isotope composition of the terphenyl was very close to that calculated in 
accordance with the equation; 


Cyl sCoHs + (CoH 4+ 


If it is assumed that the phenylation reaction proceeds further and that the quaterpheny? is obtained from 
the terphenyl, then the composition of the quaterphenyl should be one benzene ring from the benzene and 3 rings 
from the BP, However, the isotope composition of the quaterpheny] differed sharply from the calculated value, 
It was found experimentally that the quaterpheny] obtained two phenyl groups from benzene and two from BP 
(Experiments 1 and 2), Consequently, there must be some other route for the formation of the quaterphenyl, For 
confirmation of this assumption, we added to the benzene — PB reaction mixture those compounds (biphenyl and 
terphenyl) from which quaterphenyl could be formed according to the R-H scheme, Inactive biphenyl was added 
to the benzene solution of labeled BP (Experiment 3), If biphenyl {s the product from which the quaterpheny] is 
formed, then such addition should sharply decrease the activity of the quaterphenyl, The experiment showed 
that the activity remained practically unchanged, Completely analogous results were obtained when active 


71 


— 
| 


TABLE 1 


Benzoyl Peroxide Reactions 


Charged to the reaction Obtained 


benzene |biphenyl |terpheny] terpheny! quaterpheny! 


Expt. No. 
activity 
activity 
activity 
from benzene 
activity 
% active 
phenyl groups 
% active 
‘phenyl groups 


Jo phenyl grps.' 


60 
20 825 
10 | — 
20 5 — | 3,5) 364 
10 32,5) — 


= 
~) 
~ 
_ 


| 


0,56) 445 
0,12} 409 
0,40) 505 
0,27] 
0, 10}none 
12] 150 0,05) 142 


— 


220 


Notes. Other authors have presented sufficiently complete figures on the quantitative 
yields obtained in the above-mentioned reactions. The isotope compositions and the 
purities of the products were investigated in our experiments. 2. BP containing radio- 
carbon in the benzene ring was used in Experiment No. 3. 3. In experiments Nos. 1 

and 2, the percent active phenyl groups was calculated with respect to the initial ben- 
zene activity; in Experiment No. 3, it was calculated with respect to the initial activi- 
ty of the peroxide; in Experiments Nos. 4 and 6, it was calculated with respect to the 
activity of the biphenyl; and in Experiment No. 5 it was calculated with respect to the 
activity of the terphenyl. 4. The radiometric analyses of the starting materials and 

of the reaction products were carried out by measuring the activity of the carbon dioxide 
obtained by combustion of the materials; the measurements were made with an internal 
gas flowmeter. The error in the measurements was 3 %; the activity is given in imp/min. 


biphenyl was added to a reaction mixture of inactive components (Experiment 4), The resulting quaterphenyl 
did not contain CM, As in Experiment 4, inactive quaterpheny] was obtained during the decomposition of BP 
in benzene in the presence of added labeled terphenyl (Experiment 5), 


During the interaction of BP with labeled biphenyl under the conditions of Gelissen and Hermans [2], the 
terphenyl recovered contained one benzene ring from the BP per molecule of biphenyl, while the terphenyl 
contained two benzene rings from the BP per molecule of biphenyl (Experiment 6). 


De Tar and Long [5] recently published some interesting work in which they were able to isolate dihydrobi- 
phenyl (a) and tetrahydrobipheny] (b) from the products of the reaction of BP with benzene: 


H 
b 


a 


Both compounds were formed from the o-complex between a phenyl radical and benzene, The first compound, 
(a), was formed by the addition of hydrogen to the o-complex, while the second, (b), was formed by recombina- 
tion of radicals, Thus, the over-all course of the reaction of BP with benzene can be represented by the follow- 
ing scheme (which takes into account the reaction in labeled benzene), 


| 
48 
| —|— 13 | n2 
| 450] — | — | none 
12 


~complex o ~complex 


Donor \ 
H 


quaterphenyl 


The quaterphenyl must be formed by dehydrogenation of tetrahydrobipheny] under the action of BP or free 
radicals, The isotope composition of the tetrahydrobiphenyl corresponds to that calculated according to the 
scheme presented above, 
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An investigation of the viscosity properties of aromatic hydrocarbons containing isolated benzene rings and 
their hydrogenated analogs (Table 1) has shown that the change in the viscosity of hydrocarbons as a result of hy- 
drogenation depends to a large extent on the structure of the hydrocarbons, It was established that hydrogenation 


of certain structures leads to an unusual decrease in viscosity. 


The C.,° aromatic hydrocarbons investigated can be divided into two groups. The first group is composed 
of hydrocarbons which do not contain substituents on the ring (hydrocarbons Nos, 1-5, Table 1), and the second 
group 1s composed of hydrocarbons which contain methyl groups attached to the ring (Nos, 6-8, Table 1), For the 
first group of hydrocarbons, hydrogenation, that is, conversion from aromatic to naphthenic hydrocarbons, caused 
in all cases an increase in viscosity and a decline in the viscosity temperature dependence (a high increase in 
viscosity with a decrease in temperature), 


The increase in the viscosity of aromatic hydrocarbons upon hydrogenation, both mono~ and polycyclic 
aromatics, has been reported in the literature. The data obtained in the present work indicates that this rule can 


be extended to polycyclic aromatic hydrocarbons with isolated benzene rings which do not contain substituents 
attached to the ring. 


When bicyclic hydrocarbons containing benzene groups attached to a benzene ring (Nos. 6-8, Table 1) 
were hydrogenated, naphthenic hydrocarbons were obtained with considerably lower viscosities than the original 
aromatic hydrocarbons. Of this group of hydrocarbons, the aromatic hydrocarbon containing two methyl groups 
on a ring showed the greater decrease in viscosity upon hydrogenation, This change in viscosity {s contrary to 
that described above for aromatic hydrocarbons which do not contain a substituent on the ring, Table 1 presents 
comparative data on the viscosity of both types of hydrocarbons, methylated and nonmethylated. 


As may be seen from Table 2, hydrogenation of 1,3-di(2 ,5-dimethylphenyl)-2-amylpropane (No.8) to 1,3~ 
di(2,5-dimethylcyclohexyl)-2-amylpropane (No.16) decreased the viscosity, the viscosity changing by factors of 
1.6, 14, and 12,6, respectively, at temperatures of 50, 0, and —- 20°, Correspondingly, there was a considerable 
decline in the viscosity temperature dependence; the ratio 19° /Ng9 was 95.7 for the aromatic hydrocarbon and 
37,7 for its hydrogenated analog, 


As already noted above and as may be seen from the data of Table 2, the viscosity level of the hydrocarbons 
methylated in the ring, particularly aromatic hydrocarbons, was significantly higher than the level of the non- 
methylated hydrocarbons of closely similar structure, The sharp increase in the viscosity of a hydrocarbon upon 
methylation of its benzene rings is apparently associated with the unusual relationship between the viscosity of the 
methylated hydrocarbon and that of its hydrogenated analog — the naphthenic hydrocarbon, 


* The synthesis and properties of the hydrocarbons have been partially described in [14]. 
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TABLE 1 


Structure of the Aromatic Hydrocarbons and their Hydrogenated Analogs 


Cu 


The phenomenon observed in the present work is of exceptional interest for the solution of general problems 
relating to the dependence of the viscosity of hydrocarbons on their structure, and at the same time it suggests new 
interpretations of certain results of investigations of aromatic petroleum fractions by means of hydrogenation, 


Investigations by other authors have shown that hydrogenation of synthetic polycyclic aromatic hydrocar~- 
bons containing condensed benzene rings leads to a decrease in viscosity and an increase in viscosity index, but 
hydrogenation of aromatic hydrocarbons consisting of isolated benzene rings leads, on the contrary, to an increase 
in viscosity and a decrease in viscosity index [1,2]. Moreover, as has previously been established ([1], p. 326), hy- 
drogenation of narrow lube oil fractions, which consist of polycyclic aromatic hydrocarbons, leads to a significant 
decrease in viscosity, the increase being greater the greater the number of aromatic rings in the hydrocarbons, 

By analogy with the hydrogenation of synthetic hydrocarbons, these data are considered as effective confirmation 


of the supposition that practically all of the polycyclic aromatic hydrocarbons of lube oil fractions of petroleum 
belong to a different type of condensed system, 


Among the hydrocarbons belonging to that, indeed, "exclusive type" of polycyclic aromatic hydrocarbons 


for which hydrogenation reduces the viscosity are, for example, alkylated derivatives of anthracene, phenanthrene, 
and naphthacene [2,3]. 


Our results suggest that the decrease in the viscosity of higher-boiling petroleum fractions upon hydrogena-~- 
tion is also due to the presence of polycyclic aromatic hydrocarbons with isolated benzene rings having alkyl 
(methyl) groups in the ring. The reason for the unusual change in viscosity during hydrogenation of certain types 
of aromatic hydrocarbons is unknown, As we have shown, this phenomenon is apparently associated with the un- 
usually high viscosity of the aromatic hydrocarbons themselves, 


The investigation of newnoncondensed aromatic structures having the peculiar viscosity properties des- 
cribed above is a problem for the near future. 
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TABLE 2 


The Effect of Hydrogenation on the Viscosity of G4 Aromatic Bicyclic 
Hydrocarbons Containing Methyl Groups Attached to the Ring 


| Viscosity (centipoises) 
vc will nN 
25.6 20 
| 
3 S | 65,3 304 9,2 
i" >} 15,2 9 | 9778 | 45.7 
| 
\ 
27,8 | 2660 | 446000 | 95,7 
| > 
17,3 | 646 | 141590] 37,3 
\ 
c Cs 
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SOME OBSERVATIONS ON THE CHEMISTRY OF FERROCENE 


A. I. Titov. E. S, Lisitsyna,and M. R. Shemtova 
K. E. Voroshilov State Scientific Research Institute of Organic Intermediates and Dyes 
(Presented by Academician A. N. Nesmeyanov, September 11, 1959) 


(Translated from; Doklady Akademii Nauk SSSR, Vol, 130, No.2 
pp. 341-343, 1960) 


Original article submitted September 5, 1959, 


In work based on recent reports [1] butusing readily available dioxane as the solvent and a cast-iron reactor 
for improved stirring, we have been able to prepare ferrocene in yields of up to 90% of theoretical (see Experiment 
1), The cobalt analog was also obtained very simply and in good yield(75%) in the form of (CgHs)yCot Br3~ (Ex ~ 
periment 2), and ferrocene was almost quantitatively converted into the ferricinium salt (CsHs)gFe*FeCly” (Ex~ 
periment 3), 


Attempts to synthesize 1,1'-dinitroferrocene by the reaction of FeCl, with sodium nitrocyclopentadienate 
gave negative results, probably as a consequence of the insufficiently nucleophilic nature of the original cyclo~- 
pentadiene derivative, As is well known, attempts at the nitration of ferrocene were also unsuccessful [2,3]; it 
was established that the ferrocene was merely converted to the ferricinium cation, We have observed that in 
dilute nitric acid this process proceeds autocatalytically, for all practical purposes, with nitrogen dioxide; 


Fe + NOz (CsI Fe" + NOZ, 


NO, -+ 21INOg 2 NOx +4- 4 


The oxidation is almost completely curtailed in the presence of hydrazine, while the addition of urea has only a 
slight effect, Judging from external appearances and the appearance of iron cations, heating the ferricinium 
cation with dilute nitric acid in the presence of NO, leads to conversion products of nitrocyclopentadiene, 


The reaction of ferrocene with nitrosating agents, for example, with nitrosyl fluoborate, NO*BF,”, proceeded 
with the evolution of the pseudoradical NO; 


(C5H15)2 Fe NO* (Cel Fet 4- NO. 


The first stage of the interaction of ferrocene with NO,* from various nitration agents must proceed in a 
similar manner, We also observed the appearance of ferrocinium cations during the action on ferrocene of solu- 
tions of aluminum chloride in thionyl chloride, phosphorus trichloride, and phosphoryl chloride, probably owing 
to reaction with cations of the type socl*, PCl,*. 


When ethyl nitrate was allowed to act for two days on ferrocene in the presence of sodium ethylate or ter- 
tiary butylate in solution in the corresponding alcohol, significant amounts of sodium nitrocyclopentadienate and 
(after treatment with water) iron oxides were formed: 


RONa 
(CsI + RONO, Na Fe(OH)» 2ROH. 
(H,0) 


| 

| 


The reaction with ethyl nitrate did not take place in the absence of the alcoholate, even in solution in 
acetic anhydride, It is possible that the activating action of the alcoholate in this reaction is based on the for- 
mation of complexes with the ferrocene by interaction with cationoid Fe atoms, 


(Csi Io (CsI Is)o Fe OC gE» 


and the resulting increase in the nucleophilic‘nature of the CsHs radicals, which then approach to a still greater 
extent the state of a CsHs~ anion, The free cyclopentadienate ion, as is well known, rapidly reacts under similar 
conditions with the formation of the nitro derivative [4]. 


This type of cleavage of the ferrocene system has previously been observed during an investigation of the 
interaction of diacetylferrocene with aryldiazonium cations [5], and in this case the assumption that solvation 
of the cationoid iron atom played a significant role in the transition states of these reactions appeared necessary, 


Using information from previous investigations [6, 7] and carrying out the sulfonation of ferrocene in acetic 
anhydride at 0° over a period of 2,5 hours, we were able to prepare the disulfonic acid in yields of up to 80% of 
theoretical ; the formation of iron cations was observed in this case. The action of p-nitrobenzene diazonium 
salts on solutions of the disulfonic acid brought about very extensive cleavage of the ring. 


That the formylation of ferrocene with N-methylformanilide by the Vilsmeir method is possible was re- 
ported by a number of authors in 1957-1958 [8-11], and a method for the preparation of ferrocenecarboxaldehyde 
was described in two of these papers [10,11], Comparative testing of this method with a method for the prepara- 
tion of ferrocenecarboxaldehyde which was developed by us during this same period showed that the latter method 
is the more convenient, In distinction to the assertions of the authors of one of the papers [11], which only be- 
came available to us later, we observed thatethersolutions of ferrocenecarboxaldehyde give bisulfite addition 
compounds, and this was used in our method, The reaction was accompanied by the formation of ferricinium cat- 
fons and ring cleavage, The aldehyde was used for the preparation of a series of dyes, 


We shall now describe several experiments, 


1. To a one-liter cast-iron reactor were charged 36 g of FeCl,, 200 ml of absolute dioxane, and 18 g of Fe 
powder. The mixture was stirred and refluxed under nitrogen for four hours. At the end of this period, the dioxane 
was distilled under vacuum, and to the remaining FeCl, was added a mixture of 160 ml of diethylamine and 84 
ml of freshly distilled cyclopentadiene. The mixture was stirred for five hours with an anchor-shaped stirrer; it 
was allowed to stand overnight, and was then again stirred for two hours at 50-55°. The diethylamine was distilled, 
and the residue was then steam distilled; some oil (CyHy,) came overhead first, and this was followed by the 
ferrocene. The yield was 52.8 g of (CsHs)gFe with an m.p. of 174°; this corresponds to a yleld of 86.2% of 
theoretical calculated on the FeCl,. Owing to insufficient mixing, the yield in a glass reactor was somewhat 
lower. The addition of a small amount of water or the use of triethylamine also led to a decrease in the yicld. 


2. Toa stirred mixture of 1.86 g of ferrocene, 10 ml of HCl (sp. gr. 1.19), and 20 ml of ether was added 
dropwise 10 ml of a saturated solution of FeCl, hydrate while Og was passed into the mixture, The precipitation 
of ferricinium chloroferrate, (CsHs)gFe*FeCl, , soon began, After two hours, the salt was suction filtered 
and washed with concentrated HC]; the yield was almost theoretical, 


3. A. 5.5-g portion of ground CoBr, (prepared by dissolving CoCO, in 48% HBr, evaporating, and drying 
under vacuum) was mixed with 10 ml of diethylamine and 5 ml of cyclopentadiene; exothermic heat of reaction 
caused the temperature to rise to 42°, and the mixture congealed, On the following day, the amine was dis~- 
tilled, and the residue was heated and treated with 30 ml of water; Hg was evolved, and the (C,;Hs),Co was 
converted to the cobaltinium cation, The reaction mixture was then filtered free of impurities, and a solution 
of 2 ml of Br, in 30 mi of HBr was added, The perbromide, (CsHs),Co*Brg, was suction filtered at 10° and 
washed with a solution of Br, in HBr; the yield of dry salt was 8,4 g (75% of theoretical), 


4, To a four-necked reactor were charged 5.4 g of N-methylformanilide and 4 ml of POC]s, and then, at 
38°, 3.72 g of ferrocene was added over a period of 30 minutes with vigorous stirring; the mixture was then held 
for two hours at 50°, The mixture was cooled to 20°, and 25 g of ice water was added followed after two hours 
by 50 ml of ether, 10 g of NagSOg, and 20 ml of 40% NaHSOs. The mixture was stirred and then allowed to 


80 


stand overnight; the bisulfite addition compound was suction filtered, treated several times with ether, and con- 
verted to the aldehyde by heating with 80 ml of 10% H,SO, at 50° for 30 minutes; hydrolysis in the presence of 
soda gave unsatisfactory results, The aldehyde could also be liberated by heating with formalin, The yield of 
primary product (with an m.p. of 88-90°) was 90-95% of theoretical; upon recrystallization from aqueous alcohol; 
2.63 g (56% of theoretical) of the pure aldehyde was obtained in the form of reddish orange crystals with an m.p. 
of 120°, During work on a larger scale, it was possible to decrease the amount of POCi, and N-methyiformanilide, 
The use of dimethyl~- and diethylformamide required a higher reaction temperature and gave lower yields. 


Found % ; C 61.65; H 4.79; Fe 26.00. CyyHpOFe. Calculated % ; C 61.68; H 4.67; Fe 26.16. 
The ultraviolet absorption maxima were 228, 270, 342, and 462 my, 

Azomethine dyes (anils) were synthesized by heating the aldehyde with amines in alcohol; in particular, 
the following were prepared: brown-red crystals with an m.p, of 133,5-134° from aminoazobenzene; lustrous 


brown crystals with an m.p, of 105-107 from o-toluidine; dark brown crystals with an m.p. of 85-86° from mesi- 
dine; orange crystals with an m,p, or 104,5-105° from p-~anisidine, 


5. As an example, a bright green polymethine dye was prepared by stirring for 20 hours a mixture of 2,14 
g of the aldehyde, 1.7 g of 1,3,3-trimethyl-2-methyleneindoline (I), and 5 ml of CHyCOOH. The condensation 
product was separated by dissolving the mixture in 120 ml of water and salting out the product with table salt; 
the yield was 4 g of product with an m.p, of 59°, The melting point did not change when the product was again 
dissolved in water and salted out, The chloride was readily converted into the perchlorate, bromide, thiocyanate, 


and iodide; the latter readily crystallized from aqueous alcohol yielding lustrous dark green crystals with a violet 
tint, 


Found % ; C 55.93; H 5.08; N 2.76; 125.31; Fe 10.86. C,,HyNIFe. Calculated % ; C 55.53; H 4.82; N 2.82; 
1 25.53; Fe 11,26, 


The same dye was synthesized by condensing the perchlorate of I with the aldehyde in 10 ml of ethyl] alcohol in 
the presence of eight drops of piperidine; the reaction was carried out at 80° for three hours, The absorption 
maxima in alcohol were 420 and 620 mp. 
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SYNTHESIS OF POLYVINYLCYCLOHEXANE 
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(Translated from Doklady Akademii Nauk SSSR, Vol, 130, No. 2, 
pp. 344-345, 1960) 


Original article submitted September 3, 1959, 


The preparation of new crystalline polymers having stereoregular structures through the use of organometal- 
lic and oxide catalysts has attracted the ever-increasing attention of investigators all over the world, This is due 
both to the valuable technical properties of the resulting polymers and to interest in the study of the mechanism 
of polymerization reactions in the presence of different catalysts. Over the past several years, there have appear- 
ed in the literature a number of communications on the polymerization of different vinyl compounds over organo- 
metallic and oxide catalysts, However, the literature contains no information on the polymerization of vinyl 
derivatives of cyclohexane, The possibility of preparing polyvinylcyclohexane and the investigation of the effect 
of the nature of the catalyst on the properties of the polymer seemed to us to _— deserve attention. 


EXPERIMENT AL 


The vinylcyclohexane was prepared from cyclohexylethy! alcohol according to the following scheme (1): 


(CH,CO),0 
— 


= CHy- 


00° 


The cyclohexylethyl alcohol was synthesized by two routes; I, by the action of absolutely dry gaseous ethylene 
oxide on cyclohexylmagnesium chloride (prepared by Grignard reaction) in ether solution [2,3] 


Cel 1iMgCl CH, = CgHyCH,CH,OH e 


and II, by the hydrogenation of phenethyl alcohol, Information is available in the literature on carrying out this 
process in the presence of nickel on aluminum oxide [4] and on the hydrogenation of phenethyl alcohol by the 
method of Sabatier [5], For the hydrogenation of phenethyl alcohol, we used Raney nickel as the catalyst, a tem- 
perature of 160°, and a pressure of 100 atm ; the yield of cyclohexylethyl alcohol was about 50%, 


We obtained vinylcyclohexane by acetylation of the cyclohexylethyl alcohol and pyrolysis of the acetate 
[1]; the compound had the following properties: 


b.p. 83-85°/15 mm (literature [1]; 125°/740 mm), n™p 1,4470 (literature: 1.4470), d®, 0.8060 (literature: 
0.8091), MR, 36.41 (literature; 36,38), 


MRD calculated: 36,47, 


Fig. 1. X-ray patterns of crystalline polyvinylcyclohexane prepared over the following 
catalysts; chromium trioxide (a), chromium trioxide with the addition of (i-C4Hg), Al 
(b) and (i-C4Hy)gAl + TiC, (c). 


The structures of the intermediate compounds prepared during the synthesis of vinylcyclohexane were 
confirmed by the properties of the compounds and by subsequent conversion of the compounds, 


Polymerization of the vinylcyclohexane was carried out over two catalysts; chromium trioxide and an 
organometallic catalyst. The oxide catalyst, which was prepared by impregnation of silica-alumina with 
chromium trioxide and subsequent activation [6], was charged to a 10-12 ml ampoule which had previously 
been purged by successive evacuation and filling’with pure nitrogen, The sealed ampoules were placed in a 
thermostatted bath, where they were agitated and heated for five to seven hours at 80-85°, Heptane or ben- 
zene, which had been carefully freed from traces of moisture, was used as the solvent for the monomer, As is 
well known, in the polymerization of olefins over chromium trioxide catalyst, the addition of triisobutyl- or 
triethylaluminum increases the yield and crystallinity of the polymer [7]. 


Our experiments showed that when vinylcyclohexane is polymerized in the presence of added trifsobuty1- 
aluminum (50% solution in heptane), the yield of polymer is increased by a factor of two; at the same time, its 
properties (m.p., crystallinity, viscosity, etc.) are not changed (Fig. 1,a andb), 


The polymerization of vinylcyclohexane in the presence of the organometallic catalyst was carried out 
in ampoules and in a flask in a stream of prepurified nitrogen, Triisobutylaluminum and titanium tetrachloride 
was used as the catalyst. The process was carried out with agitation at 80°, According to preliminary data, the 
yield of polymer was about 30%, At the conclusion of the reaction, the polymer was washed with methyl al- 
cohol, 10% HCl, and water, and was dried at 100°, The polyvinylcyclohexane prepared with (i-C4Hy)gA1 + TiC], 
contained 1% ash (owing to the difficulty in washing the polymer free of traces of aluminum); when this polymer 
was prepared with chromium trioxide catalyst, no ash was found, 


The polyvinyleyclohexane was a white, very fine powder with an m.p, of 325°; it was soluble in organic 
solvents, 


TABLE 1 


Solubility of Polyvinylcyclohexane in Various Solvents 


Solvent 


Catalyst tetralin 


| 
heptane | benzene ac xylene | decalin 


! 
| 
cold| hot cold hot cold|hot old hot cold} hot cold] hot 


(iso -CyHy)3 Al +TiCl, + t+ + +4) 4+ 
CrOs in aluminc- 


silicate 4 + + 


Note, (—) indicates insoluble; (+) indicates partially soluble; (++) indicates readi- 
ly soluble, 


ne 
© 
cyclo4 
+ 
84 


The intrinsic viscosity of the polymer varied depending on the type of catalyst used, Thus, the intrinsic 
viscosity was 0.5 when the polymerization was carried out in the presence of the chromium trioxide catalyst,and 
was 1-1.5 when the organometallic catalyst was used. Elemental analysis of the polymer gave the following 
results; 


Found % GC 87,22; H 12.80. Galculated %: C 87,27; H 12.72. 


X-ray patterns (Fig. 1) indicated that the polymer had high crystallinity. The following structure is pro- 
posed for the polymer 


— CH, — CH — CH, -CH — 
| | 


A 


It should be remarked that no by-products from the polymerization of vinylcyclohexane were observed. 


LITERATURE CITED 


[1] R. Ya. Levina and F. F, Tsurikov, Zhur. Obshchei Khim. 4, 9, 1250 (1934); R. Ya. Levina and N. N. 
Mezentseva, Uchenye Zapiski Moskov. Gosudarst, Univ, 7, 241 (1950). 


(2] G.S. Hiers and R, Adams, J. Am. Chem, Soc. 48 , 1091 (1926). 

[3] V. Egorova, Zhur, Russ. Khim, Obshchestva 43, 1116 (1910). 

(4) R. Ya, Levina and A. A, Potapova, Zhur, Obshchei Khim, 7, 353 (1937), 
([5] N. A. Rozanov, Zhur, Russ, Fiz, Khim, Obshchestva 61, 10, 2309 (1929), 


(6] A. V. Topchiev, B. A. Krentsel, A. I. Perel'man, and V. I, Smetanyuk, Izvest. Akad, Nauk SSSR, 
Otdel, Khim. Nauk 6,1079 (1959),” 


(7] G. Natta, P, Pino Mantica, F, Danusso, G. Massanti, and M. Peraldo, Chimica e Industria 2, 124 (1956); 
A. V. Topchiev, A. I. Perel’man, and T, V. Rode, Izvest. Akad. Nauk SSSR, Otdel, Khim. Nauk, 7, 1346 (1959).° 


* Original Russian pagination. See C.B. Translation. 


| 


il 
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Data available in the literature [1,2] suggest the hypothesis that compounds in which peptides are linked to 
nucleotides through P — N bonds are present in organisms, The question of the chemical stability of such com- 


pounds, their ability to interact with amino acids, phosphoric acid, and other substance. present in the organism, 
remains unanswered, 


Using N-adenosinephosphoric derivatives of phenylalanine, we attempted to ascertain whether it is possible 
for these compounds to participate in the synthesis, in vitro, of peptides, nucleosidepolyphosphates, and nucleo- 


sidephosphosulfates. The methyl esters of N-(2’, 3°-isopropylidenadenosine -5' -benzylphospho)phenylalanine (A) 
and N-(2’,3°-isopropylidenadenosine~-5'-phospho)phenylalanine were investigated, 


CHy 
OLS \cHy 


OR 
| 
N 
N CH,C 
(A) 


2 (B) R=H 


It was found that the P—N bond in substance B is reactive. The formation of dipeptides (I) can be detected 
when this substance is refluxed with carbobenzoxy(cbz)amino acids (glycine, valine, tyrosine) in absolute dioxane, 
It should be noted that the peptide-formation reaction does not take place with compound A. 


It is rather easy to go from substance B to di-~ (II) and triphosphates of adenosine (II) by acting on it with 
phosphoric or pyrophosphoric acid in pyridine, This process is analogous to that which has been carried out in the 
laboratories of Todd [3] and Khorana [4] with amides of phosphoric acid and nucleotides. Reaction with anions of 
other strong acids is characteristic of substance B. Thus, the interaction of substance B with sulfuric acid in pyr- 
idine results in the formation of adenosinephosphosulfate (IV). 


87 
— 


OH 
A—9—P—NH—CH — cooctl, 
O 


ebz-NH — Cll — COOH 
| 
R 


cbz-NH — ar — CO — NH — CH — COOCHs 


R 15 
(1) 


where A represents isopropylidenadenosine, 


The hydrolysis of A and B by a base and an acid of different concentrations was studied at a temperature 
of 37, The amount of amino acid set free was determined by ninhydrin reaction, The rate constants for the 
hydrolysis of A and B under different conditions (see Table 1) were calculated from the hydrolysis data Fig.1). 


It follows from the data presented in Fig. 1 and Table 1 that the phosphoamino bond in compound A, in 
which the amino acid residue is linked to the diesterified phosphoric acid group of the nucleotide, is significant- 
ly more stable toward the action of hydrolyzing agents than in compound B, in which the same amino acid resi- 
due is linked to a monoesterified phosphoric acid group of the nucleoside, The rate constants for the acid hy- 
drolysis of compound B are in agreement with the corresponding literature data for simple phosphoamino acids and 
peptides [5], which, as is well known, are macroergic, i.e., energy-rich, compounds, This suggests that in com- 
pounds of the type of B, the phosphoamino bond is also energy rich, 


The data presented above indicate that compound B (which is a model of a P-amino acid derivative of a 
mononucleotide) is highly reactive, which makes it possible to assume that compounds of this type participate 


in intracellular processes, 
TABLE 1 


Rate Constants for the Acid and Base Hydrolysis of Compounds A and 
B (at 37°) 


drolyzi 
Hydrolyzing agent A] 


1N HCl No hydrolysis 
0.1 N HCl No hydrolysis 
1 N NaOH “a 


OH OH 
re) 
(11) 
| % OH OH OH 
| | 
Il ll 
fe) fe) O 
OH OH 
\ 
fe) O 
(IV) 
K 
(B) 
5.6° 107% 
1.5 - 107 
6.1 - 107% 
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EXPERIMENTAL 


The 2°,3"-isopropylidenadenosine [6] was prepared from adenosine and acetone in the presence of p-toluene~- 
sulfonic acid [7]. The yield of chromatographically pure 2°, 3*-isopropylidenadenosine was 80% the m.p. was 220°, 


Substance A was prepared from the 2',3'-{sopropylidenadenosine by a method previously described [8]. The 
m.p. was 80° (with decomposition), UV absorption in 50%ethanol: Ay jax 260 mp (€ 11100), Re was 0.87 in 


the system n-butanol saturated with water (System 1). The substance was dried for 48 hours under vacuum over 
at 37°. 


Found % C 56.71; H 5.99; P 4,50.CgpHggOgNgP. 
Calculated %: C 56.20; H 5.59; P 4,90. 


HCL (8) 
\ 


Substance B.A 50-mg portion of substance A was dis- 
solved in 50 ml of absolute methanol, To the solution was 
added 50 ml of water, and the mixture was subjected to 
1N NaOH (8) hydrogenolysis over Pd catalyst [9] (10 mg of PdO), The hy- 

drogenolysis was carried out over a period of 30 minutes. 
The catalyst was then removed by centrifugation, and the 
solution was evaporated under vacuum at 30°; the residue 
1 NaOH (A) was dissolved in three to five ml of chloroform, The chloro- 
form solution was poured through a capillary into dry pe- 
troleum ether, Compound B separated as an amorphous 
precipitate, It was twice re precipitated. The yield was 
29 mg (67%);-the m.p. was 116-118° (with decomposition), 
UV absorption in 95% ethanol; max 260 mp. Re was 
0,50 inSystem 1. The substance was dried for 24 hours over 
under vacuum, 


OINHCL(8) 
\ 


Fig. 1. 
Found % C 48.91; H 5.78; N 15.48. HO 


Calculated %: C 48.90; H 5.51; N 15.90. 


When substance B was allowed to stand for several days, it decomposed with the formation of new compounds 
with values of Ry 0.00; Rg 0.06 and Re 0,12 inSystem 1. The same substances were formed when B was heated 
with 50% ethanol or on more prolonged hydrogenolysis of A, All three substances give a positive reaction for 
phosphorus and have absorption maxima in the ultraviolet (in 50% ethanol) at 260 mp. The eluates from 
elution of the spots with 50% ethanol were concentrated by evaporation and subjected to acid hydrolysis, Under 
the conditions used for the hydrolysis of B (Fig. 1), no amino acids were detected, The methyl] ester of phenyl- 
alanine was detected chromatographically after refluxing the eluates of all three spots with 1 N HCl (30 minutes), 


Reaction of (B) with cbz-amino acids,. a) Toa solution of 23 mg of freshly prepared substance B in 50 
ml of absolute dioxane was added 46 mg of cbz-glycine, The mixture was refluxed for two hours, The resulting 
precipitate (9 mg) was filtered, The filtrate was evaporated to dryness under vacuum; the residue was dissolved 
in 50 ml of chloroform, and the solution was washed with 0.1 N HCI and 0.1 N NaOH. The solution was evapor- 
ated under vacuum,and the residue was dissolved in 50 ml of 50% aqueous ethanol and subjected to hydrogen- 
enolysis over Pd catalyst. The catalyst was separated by centrifugation, and the solution was evaporated to a 
volume of one to two ml and chromatographed in System 1. The chromatogram disclosed the presence of the 
methyl ester of glycylphenylalanine ( Rr 0, 42), which ayrees with the control sample, b) The reaction of B with 
cbz-valine and with cbz-tyrosine was carried out under analogous conditions, Paper ¢hromatography disclosed 
the presence in the reaction mixture of the methy! ester of valylphenylalanine (Rp 0-69 in System 1) and of 
tyrosylphenylalanine (R¢ 0.65 in the system n-CgHyOH—H,O—CH,COOH (41:1), Substance A did not react with 
amino acids under the conditions described above, 


Reaction of (B) with phosphoric and pyrophosphoric acids, To 0.93 ml of 59% H3PO, was added 2,3 ml of 
dry pyridine, and the solution was evaporated to dryness under vacuum, The glassy mass was dissolved by 
heaving in dry pyridine, and the solution was added to 18 mg of freshly prepared substance B dissolved in 1 ml 
of dry pyridine, The mixture was allowed to stand in the dark at room temperature for 75 hours, Paper electro- 
phoresis (acetate buffer, pH 4,8, 5 yv /cm, 6.5 hours) carried out with carbon tetrachloride cooling revealed the 
presence in the reaction mixture ot two substances, which is in agreement with the ADP and ATP controls, 


% 

10 

a) 
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Reaction of (B) with sulfuric acid. To 450 mg of cooled 40% oleum was added 4 ml of dry pyridine and 
20 mg of freshly prepared substance (B) in one ml of pyridine. The mixture was allowed to stand for 90 hours 
at room temperature, The precipitate was removed by filtration, and the filtrate was concentrated by evapora - 
tion to a small volume and subjected to electrophoresis in acetate buffer (pH 4.8, 5 v /cm, 6,5 hours), In addi- 
tion to the spot of the original substance B, the electrophoregram had an intense spot due to IV, which absorbs 
in the ultraviolet ( Faas ax 260 mp} this is in agreement with the control sample of ADP. Sulfur was quali- 
tatively detected in the eluate of the spot. The yield of IV was determined in the usual manner from the optical 
densities of the eluates of IV and (B) at 260 mp, and it amounted to 61%, 


Study of the hydrolytic stability of the phosphoamino bond in N-adenosinephosphoric derivatives of phenyl- 
alanine (A and B). A 10-mg sample of the substance under investigation was dissolved in one to two drops of 
absolute ethanol, and one ml of a titered solution of hydrochloric acid or sodium hydroxide was added. The mix- 
ture was placed in a thermostatted bath (37°) for a specific time interval. The solution was neutralized, and one 
ml of citrate buffer (pH 5) was added, followed by one ml of ninhydrin solution in absolute ethanol (20 mg/ml) 
and, finally, by one ml of absolute ethanol, The mixture was heated for 20 minutes on a boiling water bath, 
and was then transferred to a copper flask and diluted to 25 ml with 50% ethanol. The optical density of the 
solution was determined with the aid of an FEK-M photoelectric colorimeter over a period of 15 to 60 minutes 
after dilution of the solution, The measured values of optical density were compared with a calibration curve 
prepared by measuring the optical densities of a series of standard solutions of the methyl] ester of phenylalanine 
in ethanol, The results of the hydrolysis experiments are presented in Fig. 1. 
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Among the reactions which determine the chemical behavior of sydnones, electrophilic substitution reac- 
tions at the carbon atom in the four position of the sydnone ring are very significant. Sydnones having a hydro- 
gen atom attached to this carbon readily replace this hydrogen with halogen [1,2], nitro [2] and sulfonic acid 
groups [3], and mercury [3, 4], With the aim of further studying electrophilic substitution in the sydnone series, 
we investigated acetylation and deuterium-exchange reactions, 


In the case of 3-phenylsydnone, it was observed that the action of acetic anhydride or benzoyl] chloride in 
the presence of various condensing agents (aluminum chloride, stannic chloride, and phosphoric acid) at various 
temperatures did not result in acetylation, 


Aji acetyl group was successfully introduced into 3-phenylsydone by heating with acetic anhydride and 
boron trifluoride etherate, The resulting 4-acet.yl-3-phenylsydnone proved to be identical to that recently 
synthesized by the Grignard method from 4-bromo~3-phenylsydnone [5], The acetylation of 3-ethylsydnone 
proceeded very easily under these conditions. 


The infrared spectrum of 4~acetyl-3-phenylsydnone (Fig. 1) contained, in addition to the usual carbonyl 
absorption band observed in the spectrum of sydnones (1740 cm™), a second carbonyl band at 1635 cm “lL which 
is obviously assignable to the carbonyl group of the acetyl radical, The considerable shift of this band toward 
the lower frequencies (as compared to bands for not only aliphatic (1710 cm™) but also aliphatic-aromatic 
(1690 cm™) ketones indicates that the electron donor properties of the sydnone system are strongly expressed 
with respect to substituents in the four position. 


For the deuterium-exchange studies, we selected ethylenebis-3-sydnone and 3-phenylsydnone, The first 
is a representative of sydnones with an aliphatic substituent, while the second is a representative of sydnones with 
an aromatic substituent, 


Both compounds are difficultly soluble in cold water and alcohol, and, therefore, could be readily separated 
after treatment with heavy water or aqueous alcohol, Ethylenebis-3-sydnone (m.p.171° with decomposition), 
which was prepared from ethylenediaminediacetic acid [6], was heated with a mixture of D,O and C,H,OD (1:1 
ratio) in the presence of D,SO, (pH 1-2) for 10 hours in a sealed ampoule on a boiling water bath, The precipitate 
which formed after the mixture was cooled was filtered, dried, and analyzed for deuterium content. 


It was found that the exchange of deuterium for hydrogen under these conditions was 33% (the excess den- 
sity of the combustion water was 11,000 y or 11.1% __ two of the six hydrogen atoms in the molecule are capable 
of exchanging), 


| 


The deuterium-exchange results were confirmed by 
the infrared spectrum of the deuterated sydnone (Fig.2), 
which showed marked changes when compared with the 
spectrum of the original sydnone and that of the sydnone 
after treatment under the conditions indicated above with 
ordinary water and H,SO,, these latter two spectra being in 
complete agreement. 


The deuteration of 3-phenylsydnone was also carried 
out by heating with heavy water in the presence of deutero- 
el sulfuric acid (pH ~1, time 13 hours) in a sealed ampoule 
on a boiling water bath Comparison of the infrared spec- 
trum of the deuterated sydnone with the spectra of the 
original sydnone and sydnone from a control experiment 
, showed that in this case the hydrogen atom from the four 
a position was exchanged for deuterium, Participation of 
Fig. 1. Infrared transmission spectra of: 1) 3- hydrogen atoms of the pheny! radical in this reaction can 
ethylsy dnone, 2) 3-e thyl- 4-acetylsy dnone. be eliminated, since it has been shown [1] that substitution 
reactions (halogenation, nitration) do not touch the benzene 
ring in 3-phenylsydnone, Attempts to carry out the deutera- 
tion of both sydnones under milder conditions did not result in appreciable exchange of the hydrogen atoms. 


0 14 


Bot the acetylation and the deuterium~-exchange reactions confirm the ability of sydnones to undergo 
electrophilic substitution reactions at the carbon atom in the four position of the ring. In this connection, it 
should be noted that the formula for sydnones, I, currently accepted at the present time by a number of chemists 
is not in agreement with the experimental] data, since nucleophilic, not electrophilic, substitutions would be 


characteristic of this structure, 


R—N—C}) 
| —O | t ott 


Moreover, as we have previously pointed out (3], the fact that the infrared spectra of sydnones show the presence 


of a “real” carbonyl group is contrary to the above representation. The exocyclic nature of the double bond in 
the five position of sydnonimines is even more evident, The infrared spectrum of the exoacety] derivative of 


3,4-diphenylsydnonimine, previously obtained by the present authors [7], contained an absorption band (1632 cm"), 


attributable to the presence of a carbonylimide group \Naetaadil N — CO — [8]. 


In our opinion, the formulas proposed by Earl [9] more correctly reflect the features of the structure of 


sydnones, however, for purposes of simplification, it is expedient to use the meso-lonic formula (Il). 


EXPERIMENTAL 


Acetylation of 3-phenylsydnone. To a mixture of 3 g (0.0185 mole) of 3-phenylsydnone and 2.75 g 
(0,027 mole) of acetic anhydride was added, all at one time, 1 ml of boron trifluoride etherate, and the mixture 
was stirred for three hours at 100-110°. The reaction mixture was decomposed with water, and the oily product 
was dissolved in alcohol and purified with carbon; after evaporation of the alcohol, extraction with ether isolated 
the 3-acetyl~4-phenylsydnone, m.p. 142.5-143° (from absolute alcohol), The literature gives an m.p, of 139° 


[5]. 


Found % ; C 58.77; H 3.99; N 13.67. CyH N03. Calculated % ; C 58,82; H 3.95; N 13,72, 


Acetylation of 3-ethylsydnone, To a mixture of 1,5 g (0,013 mole) of 3-ethylsydnone and 1,84 g (0.018 
mole) of acetic anhydride was added, with stirring and all at one time, 0.8 ml of boron trifluoride etherate; a 
little exothermic heat was observed, The reaction mixture was heated at 100-110° for two hours, and was then 


/ treated with water during cooling and neutralized with 
sodium bicarbonate. The oil which separated was com- 
bined with the ether extract of the aqueous layer. The 
ether solution was dried over calcined magnesium sul- 
fate, and the ether was distilled; 0.9 g of 3-ethyl-4-ace- 
tylsydnone, b.p. 102-104° at 0.8 mm, nD 1.5190; d”% 

a 1.2383, was obtained. 
Found C 46.43; H 5.34; N 18.14. CgHyNoOsg. 

k Calculated %: C 46.15; H 5.16; N 17.94. 

The semicarbazone melted at 217.5-218° (with 
decomposition, from alcohol). 


Found %; C 39,19; H 5.21; N 32.76. CyHyNeOs. 

Calculated %: C 39.43; H 5.20; N 32.85. 

The authors express their sincere appreciation to 
Yu. N. Sheinker for carrying out the spectroscopic inves- 


tigation and to M. N. Shchukina for constant considera- 
tion of the work and for valuable counsel. 
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The question of the role of the solvent in Menshutkin reactions is of considerable interest as part of the 
problem of the mechanism of nucleophilic substitution reactions at a saturated carbon atom. As was shown pre- 
viously [1-3], in solving this problem one can use data on the effect of pressure on the rate constant of the reac- 
tion in various solvents and also the results of measurements of the densities and electrical conductivities of the 
solutions, According to absolute reaction rate theory: 


d\n *) Av’ 


(1) 


where k is the reaction rate constant, avt is the change in volume of the system during the formation of one 


mole of the activated complex from the starting materials, and =— (5) is the compressibility 


coefficient of the solvent, 


If the solvent participates in the activated complex, the value of avt should be different in different 
solvents, In Menshutkin reactions, in which ionized reaction products are formed from neutral molecules, the 
activated complex should be more polar than the reactants, Therefore, the formation of the activated complex 
should be accompanied by a decrease in the volume of the system owing to the combining of a part of the solvent 
molecules in the solvation shell of the activated complex where it is packed more densely, This solvent volume 
effect ( A.V") is superposed on the decrease in volume during the formation of the unsolvated activated com- 
plex from the reactant molecules ( Av?) (see [4]). 


The present paper presents the results of an investigation of one of the Menshutkin reactions — the interac- 
tion of pyridine with ethyl iodide 


-|- Cols I-> I 


in nitrobenzene and in cyclohexanone at 50° and pressures up to 2000 kg / cm’, 


EXPERIMENTAL 


The methods of preparation and the physical constants of the pyridine, ethyl iodide, and N-ethylpyridinium 
fodide have been presented in reference [3], The “pure” grade nitrobenzene was further purified by chilling from 
solution five times, then heating at 110° over P,Og for six hours, and finally distilling under vacuum over P,Os; 


| 


Ca 1.2031; n™D 1.5523, The cyclohexanone was dried with anhydrous sodium sulfate and distilled in a rec- 
tification column; b.p. 155,7(760 mm), np”? 1.4508 . 


The kinetic measurements were carried out by the method described in [2] at a temperature of 50+ 0.1° 
and pressures of 1, 500, 1000, and 2000 kg / cm’, The analytical method as follows; A ten ml sample of the 
solution investigated (at 20°) was pipetted into a separatory funnel containing 50 ml of distilled water, 10 ml of 
benzene, and 25 ml of petroleum ether, After repeated agitation and stratification, the lower, aqueous layer 
was poured into the titration flask; the remaining material was again washed with water (twice with 50 ml por- 
tions), the aqueous layer was poured off, and the concentration of fodine fons in it was determined by titration 
with 0,025 N AgNOsg using eosin as the indicator. Two experiments were carried out at each pressure, In all 


experiments, the initial concentrations of pyridine and ethyl iodide were about 0.1 M in nitrobenzene and 0,15 
M in cyclohexanone, 


Determination of compressibilities. A knowledge of compress- 
ibilities is necessary for the calculation of rate constants at pressures 
above atmospheric; therefore, we measured the compressibilities of 
nitrobenzene and cyclohexanone at 50 + 0.1°. A sylphon bellows con- 
taining the liquid to be investigated was placed inside a thermostatted 
high-pressure cell which was filled with oil (Fig. 1). The change in 
volume of the sylphon at different pressures was determined by measur- 
ing the resistance of a manganin wire in accordance with the method of 
Bridgman [5], Liquids with known compressibilities — acetone and meth 
yl alcohol ~ were used to determine the dependence of the manganin 
wire on the volume of thesylphon at 50°, 


The electrical conductivities of the N-ethylpyridinium iodide so- 
lutions were measured at a temperature of 50 + 0,05° in a MMZCh-55 
conductivity cell at concentrations from 1+*10~ to 0.1. M. Conduc- 
tivities of six cyclohexanone solutions and four nitrobenzene solutions 
were measured, 


hh 


Ahhh 


Pycnometric measurements of the volume effects of the reaction 
were carried out by the method described in [2]. 


RESULTS 


1 
The rate constants were calculated from plots of ————+ B, 


b 
against T, where B = b - a ote “$ (see | 3]); a and b are 
the initial concentrations of pyridine and ethyl iodide, x is the concen- 
tration of N-ethylpyridinium iodide, and fT is time, These plots gave 
straight lines (see Fig, 2), and the slopes were used to calculate the bi- 
Fig. 1. Sylphon bellows for de- molecular rate constants at the different pressures, As may be seen from 
termination of the liquid compress- Fig, 2, the reproducibility of the results was good. The rate constants ob- 
ibilities. 1)Guide shaft, 2) ebon- tained at the various pressures are presented in Table 1, 


ite sleeve with manganin wire, 3) 
In these calculations, we made use of our measurements of the 
contact, 4) sylphon housing, 5) 


sylphon, 6) valve molar volumes, V, of the solvents, which are also presented in Table 1, 
‘ The last column of the table presents the values of AV# calculated by 
Eq. (1). From a consideration of Table 1, it may be seen that the ex- 
perimental values of Avt in cyclohexan~p-one differed appreciably from those in nitrobenzene, and these dif- 
ferences were outside experimental error, 


The results of our determinations of AV (the change in volume during the formation of one mole of reac- 
tion products from the reactants) in both of the solvents investigated and also the corresponding values of the 
equivalent conductance, A , of the N-ethylpyridinium iodide solutions are presented in Table 2, This table 
also shows the values of the degree of dissociation, a, calculated from the relationship « =A/ Xr oo+ As may 
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seen from the data of Table 2, the degree of dissociation of the reaction product was two to three times higher in 
nitrobenzene than in cyclohexanone at the same concentration, while the values of AV were about the same in 
both solvents, This leads to the conclusion that the volume effect due to solvation of fodine and N~-ethylpyridin- 
{um fons is substantially greater in cyclohexanone than in nitrobenzene, Table 2 also presents the values of AV.— 
the volume effect due to solvation of the reaction product; these values were obtained by calculating from AV 

the values of the volume effect for the reaction in the absence of a solvent (—22.5 ccAnole at 50°, see [3])- 


TABLE 1 


The Effect of Pressure on the Rate Constant of the Reaction of Pyridine with Ethyl 
Iodide at 50° 


Nitrobenzene solvent Cyclohexanone solvent 

P, 8 3 + 03 
Vv, | 103 | Avi, Vv, | 10%, AV 

kg/cm / / 
cc/ mole | cm*/kg | liters/ | cc cc/ | cm*/kg | liters cc 

mole/ | mole | mole mole/ mole 


min min 


104.85 55.3 9.07 | -23.8 | 106.7 | 175.7 5.10 — 26.8 


102.4 13.2 19.7 | 103.3 | 52.8 1.73 — 22.3 


100.5 17.9 15.9 | 101.1 | 36.6 10.9 —18,2 


98.0 


28.1 18.4 


TABLE 2 


Results of the Measurements of the Volume Effect, AV, of the Reaction and the 
Degree of Dissociation, a, of N-Ethylpyridinium Iodide at 50° 


Nitrobenzene solvent 


Cyclohexanone solvent 


x, mole / AV, x,mole/ av, 
Xs AV, a | ccf cesi a cc/ mole 
liter cc/mole mole | Mter  |mole 


0.01856 41,2 | 33.8 | 0.56 | —18.7 | 0.02283 40.0 | 12.8 0.19 | —17.5 
0.02745 —41.4 | 30.6 | 0.51] —18.9 | 0.06591 “40,6 | 10.0 0.15 | 18.1 


0.07404 —38.7 22.0 0.37| —16.2 | 0.08758 40,2 FOES | — 


DISCUSSION 


It would be expected that the volume effects due to solvation of the activated complex ( A,V f) and 
ions of the reaction product (AV;) in the same solvent are related through the number of molecules of solvent 
in the corresponding solvation shells, However, the determination of this relationship is attended by a number 
of difficulties. Thus, to determine the volume effect of solvation of the activated complex it is necessary to 
know not only the value of Avf, but also the value of A,vt (see above), On the other hand, to determine the 
volume effect due to solvation of the reaction product ions,it is necessary to know not only the value of Ag 
and a, but also the volume effect due to solvation of the undissociated molecules AVm- For an approximate 
solution of this problem, it is expediant to introduce the assumption that the ratios of the volume effects due to 
solvation of the activated complex, the undissociated molecules, and the ions do not depend on the solvent, 
Such an assumption, of course, can only be considered to be a first approximation, In this case 
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where B and y are constants, Then, from the relationship 


AV, = AV;a + AVin (1 — a); 
AV™ = + A.V* 


we obtain AV 
AV” = 4 


cc/ mole 
= 


0 0 200 300 400 min 
Fig. 2. Results of the kinetic measure~ 
ments in nitrobenzene at 50°; 1) at 
atmospheric pressure, 2) at a pressure 
of 1000 kg /cm*, The points and cross- 
es represent results of parallel experi- 
ments, 


50 Mh mole 
Fig. 3. Graph for the determination 
of A,V and y. 1) Nitrobenzene, 2) 
Thus, when the values of AV? obtained at atmos- cyclohexanone, 3) ethyl alcohol, 4) 
pheric pressure in different solvents are plotted against acetone, 
AVs 
a +B (1-a) 
straight line for a correctly selected value of B Fig. 3 presents a graph constructed in this manner for B =1/, 
(from the data of the present work * and also from the results of investigations of the reaction in ethyl alcohol [3] 
and in acetone [2, 3]), The value of A,V¥ (-20 cc/mole) obtained from the graph lies between the values de- 
termined previously by other methods (—22.5 and — 18 cc/ mole), see [3]; y =1/8- On this graph, the point for 
ethyl alcohol is located somewhat above the line which was drawn through pe cyclohexanone point. If B is 
taken as equal to 1/10, the line goes through both these points; whenA,v! =—21 cc /mole, y=1/10.6. 
Consequently, a change in B from 1/10 to 1/5 is not substantially reflected in the values of A,V’ and y. 


the values of , we should obtain a 


This analysis of the experimental data, which was based on the above assumptions, leads to the following 
conclusions; 


1. The number of molecules solvating the activated complex is 8 to 11 times less than in the solvation 
shells of the iodine and N-ethylpyridinium ions, 


2. The undissociated molecule is much less solvated than the ions of the reaction product; this is in agree- 
ment with the considerable decrease in volume during the dissociation of electrolytes, 


In conclusion, we point out that the first of these conclusions is in agreement with the results of an approxi- 
mate evaluation of the upper limit of n, the number of molecules solvating the activated complex, as determined 
from the dependence of AV’ on the molar volume of the solvent at different pressures [3]; thé value of n was 
1.5 in cyclohexanone, 1.9 in nitrobenzene, 1.7 in ethyl alcohol, and 2,0 in acetone. 


* In nitrobenzene, AVs = —18.8 cc/mole and a = 0.53; in cyclohexanone , AV,= ~17.8 cc/mole and a =0.17. 
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M. D. Pushkinskii and N. K. Shvedov took part in the experimental work, 
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It is well known that, depending on the coordination capacity and structure of the ligands and on a number 
of other factors, uranium (VI) can have different coordination numbers, 


Along with uranyl inner-complex compounds in which uranium has a coordination number of six [1-3], 
there are indications that certain formazyl and azomethine derivatives are tridentate ligands which form with the 
uranyl ion complexes in which uranium (VI) has the coordination number five. On the other hand, the coordina- 


tion number of uranium in uranyl hydroxyquinolate can be six or eight depending on the number of 8-hydroxy - 
quinoline molecules added [3-5]. 


The present communication reports on a study of certain questions of the stereochemistry of uranyl] inner- 
complex compounds with Schiff bases, The uranyl inner-complex compounds included within the scope of the 
present work can be divided into three groups in accordance with the nature of the ligand, We used three types 


of Schiff bases, which were prepared from an aromatic o-hydroxyaldehyde and ethylenediamine (A), an aroma-~ 
tic amine (B), and 2-aminopyridine (C): 


(7 OH HO 0 
\4- 
N — (CH,), — N 


Schiff bases of the type of disalicylidenethylenediamine are tetradentate ligands, The analyses showed 
that uranyl complexes of the first type always contain not more than one molecule of solvent (Table 1), This 
molecule of solvent can be removed only upon prolonged heating at 160-180°, The aifficulty with which the 

complex loses this solvent molecule, and also its nature, support the assumption that a donor — acceptor bond {s 


probably formed, The coordination number of uranium in such compounds is seven, but it becomes six upon 
the removal of the solvent molecule, 


(A) 

Ol A\_ on 

| 9 CH cH 

(B) (Q) 
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TABLE 1 


Calculated, % 


Name Formula 
| H 


Urany] disalicyliden - + 
cthylenediaminate 


J - 

minate (CygHi2N-O, Bry) - 
(UO, 20,Br,)] 
Il, Uranyl 2-hydroxy- - 
1-naphthal -4-fodoani- (CHAN) 

linate 


Uranyl 4-methylsalicy 4 (Uo, 1) 
lidene -4-iodoan{linate (GHW) 


II. Uranyl 2-(6-bromo}+[uo, 
2-hydroxy )-1-naphtha - 
laminopyridinate 


The picture was completely different for the case of uranyl complexes of the second type. These com- 
plexes contain two molecules of pyridine, This pyridine cannot be removed even by holding the complex at 
160-180° for a prolonged period, The complex decomposes when the temperature is raised to 200-220°, It is 
evident that here there is a donor-acceptor bond between the pyridine and the central atom, The coordination 
number of uranium (VI) in such complexes is apparently eight, 


It has previously been reported by one of us [6] that uranyl inner-complex compounds with Schiff bases of 
the 2-aminopyridine series are distinguished by their extremely great stability, and the Schiff bases themselves 
have a great tendency toward complex formation with the uranyl ion, It was also pointed out that these com- 
plexes are, as a rule, formed when the heterocyclic nitrogen is in the two position with respect to the azomethine 
group, 


While the uranyl complex with salicylidenaniline is formed with great difficulty, 2-salicylidenaminopyridine 
readily forms a complex, even in a neutral medium, Since 2-salicylidenaminopyridine differs from salicylidene- 
aniline only by the presence of a heterocyclic nitrogen, it is natural to assume that the sharp increase in com- 
plex-forming tendency of the 2~salicylidenaminopyridine can be ascribed tothe effect of this heterocyclic nitro- 
gen. On the other hand, we were not able to prepare a complex of uranium with 3-salicylideneaminopyridine. 
Consequently, the stability of the complex depends basically on the position of the heterocyclic nitrogen relative 


to the azomethine group. Analyses of complexes of this type showed that they do not contain a molecule of 
solvent, 


All of the material presented above indicates that there is coordination saturation of uranium (VI) in uranyl 
complex compounds with azomethine derivatives of the 2-aminopyridine series, This is possible only in the case 
where the heterocyclic nitrogen is coordinatively bonded to the central atom, In all probability, the coordination 
number of uranium (VI) in these compounds is eight, Thus, uranium can display a variable coordination number 
which depends on the properties of the Schiff base. Considering that the uranyl fon has a linear structure [7], of all 
the possible models of the structure of uranium (VI) complexes in which the uranium has coordination numbers 


of six, seven, and eight, those in which ligand atoms bonded to the uranium lie in a plane perpendicular to the 
O-U-—O direction are to be preferred, 


According to the hypothesisof Connick and Hugus [8], the high stability of UO3 * is explained by the par- 
ticipation of the 5 f-orbital of uranium in the formation of the bonds with oxygen, Whence, the structures of 
the complex compounds are tetragonal bipyrimide (5f °6d7s) I, _ pentagonal bipyrimide (5f 56d°7sf) 1, and 
hexagonal bipyrimide (5f 56d°7s7p) Il (a, b) for coordination numbers of six, seven, and eight, respectively: 


Found, % | 
28,80) 2,41 | 3,65 | 6,39] 31 09] 29, 20] 2,44 | 3,79 | 6,23 
31,17] 29,20] 2,32 | 3,62 
32,61] — | — | — 10.59) 32,47] — | — | — |10, 70 
34,57] — | — — — | — | — | 4,06 
{20'33] — | = | 5:09} |20.30] |_| 4.70] — 
‘ 
25,80) 41,414) 2,45 
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where R is CyoHg, GHgCgHg; is CgHgl; is CgHgN (IIa); R 1s CygHgBr (IIIb). 
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where R is CgHg, CgHgBr (1) R is CgHg, CgHgBr; 1s and CgHsN (11). 
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In 1955, we showed [1] that distillation of dimethylcyclobutylearbinol with 0,1 %(by weight of the carbinol) 
concentrated sulfuric acid resulted in dehydration of the carbinol with the formation of a mixture of the two 
possible cyclobutane hydrocarbons having a double bond in the side chain — fsopropenyl- and isopropylidenecyclo- 
butanes, The mixture of these two hydrocarbons was separated by distillation in an efficient fractionating column, 
and the hydrocarbons were characterized by means of their physicochemical constants and Raman spectra, 


In the present work, we applied this method of dehydration to another tertiary alcohol — dimethyleyclo- 
pentylcarbinol — in order to determine what effect a five-membered ring would have on the course of the re- 
action, The dehydration of dimethylcyclopentylcarbinol was carried out under the conditions used in the earlier 
work, i.e., with 0.1% concentrated H,SO,, and here again a mixture of unsaturated hydrocarbons was obtained, 
Distillation in a column of 100 theoretical plates yielded three individual hydrocarbons; 1-isopropylcyclopentene, 


isopropenylcyclopentane (prepared here for the first time), and isopropylidenecyclopentane, Consequently, the 
dehydration proceeds according to: 


CHE, — Cle 


CH, — CH 
CHz — CHe CH, — CHe 


\ 
— CH, CH, — 
H 
CH, — 


CH, — 


The structures of these hydrocarbons were confirmed by comparing the constants of two of them with the litera- 
ture values and by an investigation of the Raman spectra of all three, 


| 
fi CH, 
cH. ¢ | cH 
* 
CH, 
CH, 
| 
C=C 
Cig 
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From the data presented in the Experimental section, it may be clearly seen that the Raman spectrum® of 
isopropylidenecyclopentane has all of the lines previously reported as characterizing by their frequency and in- 
tensity alkylidenecyclopentanes (ethylidene~-, propylidene-, and butylidenecyclopentanes) [3], namely, 905 (76), 
1025 (28), 1214 (15),1229 (17), 1432 (54), and 1685 (140). No lines were present in the 425-435 em” region of 
the isopropylidenecyclopentane spectrum; the line in this region of the earlier spectrum [3] was apparently due 
to side chain vibrations, and would naturally react to changes in the structure of the side chain. 


The spectra of isopropenylcyclopentane and 1-isopropylcyclopentene exhibited considerable similarity, 
and differed substantially from the spectrum of isopropylidenecyclopentane; as a rule, the lines were less intense 
and broader, and in both cases there was considerable background over the entire spectrum, The 1-{sopropyl- 
cyclopentene spectrum contained all of the lines previously noted as characteristic for 1-alkylcyclopentenes 
(ethyl-, propyl-, and butylcyclopentenes) [3]; 891 (29), 908 (20), 1017 (19), 1034 (15), 1206 (14), 1645 (84), 
and 3056 (70), It is also very characteristic of spectra of hydrocarbons of this type that of the two lines in the 
1440-1460 cm? region, the first is considerably more intense than the second, Instead of a single intense line 
in the 1025 cm region, there were two, 1017 and 1034 cm “1 in the spectrum of 1-isopropylcyclopentene, 
The frequency of the line due to the double bond was somewhat low, 1645 in place of 1659 cm [3]. The spec- 
trum of isopropenylcyclopentane had all of the characteristic features due to the presence in the molecule of a 
five-membered ring and a double bond in the side chain; the frequency of the latter line was also somewhat 
lower than the usual values, 1646 in place of 1650-1652 cm™, 


The article by Chiurdoglu and Van Walle [4] appeared sometime after the present work had started; this 
work was devo ted to a study of the dehydration of dimethylcycloalkylcarbinols having three~-, four-, five-, and 
six-membered rings, Dehydration was carried out by distillation with 0,01 % concentrated H,SO4. In the opinion 
of the authors, only hydrocarbons with an isopropenyl group were formed in the case of carbinols with three-, 
four-, and five-membered rings, Only in the case of dimethylcyclohexylcarbinol did the authors observe in the 
dehydration product small amounts of isopropylidenecyclohexane (7%) and isopropylcyclohexene (2%) in addition 
to the isopropenyleyclohexane, As a result of thisreport [4], we also studied the dehydration of dimethylcyclo- 
pentylearbinol with 0.01% concentrated H,SO,; the reaction was carried out under the same conditions as before, 


Using a catalog containing the Raman spectra of all of the possible dehydration products, we investigated 
the composition of the hydrocarbons obtained with 0.01% concentrated H,SO4. Since the spectra of isopropenyl- 
cyclopentane and 1~-isopropylcyclopentene are very similar, we used for the analysis the spectral region from 
Av 300-400 cm”, where isopropenylcyclopentane has a line at 374 (23), and 1-isopropylcyclopentene has a 
line at 322 (23), On the latter, however, is superposed an isopropenylcyclopentane line, 322 (13); this made 
the analysis difficult and decreased the accuracy of the analytical results owing to the unavoidable error caused by 
the superposition, | Moreover, the accuracy of the analytical results was decreased by the rather strong back- 
ground in this region of the spectrum; therefore, we used the following method, The isopropylidenecyclopentane 
content was accurately determined from the line at 1685 cem™ by direct comparison with a standard, The content 
of isopropenylcyclopentane and of 1-isopropylcyclopentene was evaluated from the intensities of the lines in the 
300-400 cm™ region and was additionally checked by means of the lines in the 1000-1050 cm~ region, 


The data obtained by Raman analysis of the mixture of unsaturated hydrocarbons obtained by dehydration 
of dimethylcyclopentylearbinol with 0.1% H,SO, were in agreement with the distillation curve obtained by frac- 
tionation of this mixture in a fractionating column, The product obtained with 0.01% concentrated HySO,4 was 
also a mixture of three hydrocarbons; 1-isopropylcyclopentene, isopropenylcyclopentane, and isopropylidenecyclo- 
pentane; however, the ratio of these components in the mixture varied with a change in the amount of H,SO, 
used for the dehydration, With an increase in the amount of sulfuric acid, the isopropenylcyclopentane content 
dropped (from 68-63% to 40-35%), while the isopropylidenecyclopentane and 1-isopropylcyclopentene contents 
increased, The yield of dehydration products also increased (from 66 to 91%), Thus, our results are not in agree- 
ment with the data presented in reference [4], It should be remarked that the substances to which Chiurdoglu 
and Van Walle ascribed the composition isopropenylcyclobutane and isopropenylcyclopentane had constants which 
differed widely from those of the corresponding hydrocarbons isolated by us in a quite pure state; the former were 


apparently not individual hydrocarbons, but a mixture of unsaturated hydrocarbons in which the position of the 
double bond varied. 


*The method by which the spectra were obtained has been described previously [2]. 


| 
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EXPERIMENTAL 


The dimethylcyclopentylcarbinol was synthesized by the action of methylmagnesium bromide on the 
ethyl ester of cyclopentanecarboxylic acid. B.p. 68-70°/12 mm, n”D 1.4590; d, 0.9138; yleld, 78% of theo- 
retical calculated on the cyclopentanecarboxylic acid ester charged to the reaction. A total of 300 g of di- 
methylcyclopentylcarbinol was synthesized, 


Dehydration of dimethylcyclopentylcarbinol by means of 0.1% concentrated H,SO,y. A mixture of 84 g 

of dimethylcyclopentylcarbinol and 85 mg of the acid was heated in a flask connected to a fractionating column 

with glass packing. As dehydration of the carbinol proceeded, the hydrocarbons distilled and were collected, 

along with the water, in a receiver, The hydrocarbon layer was washed with water, a solution of NaHCO 3, and 

again with water, and was then dried with fused CaCl, and distilled from a Favorskii flask at 120-139°, There 

was obtained 66 g (91%) of dehydration product; n™p 1.4512; 0.8107, A total of 115.5 g of dehydration 
product was obtained from two experiments, Raman spectrum of 
the dehydration product: 


Av (in 214(0), 272(0), 292(0), 
320(1), 352(2), 372(2), 396(0), 418(1), 
449(0), 481(3), 527(3), 538 (1), 579(2), 
608(1), 625(1), 676(0), 710(4), 743(0), 
788(0), 805(1), 832(2), 844(2), 889(6), 
902(7), 954(3), 1002(2), 1026(3), 1067(2), 
1101(3),  1117(1),  1140(2), :1166(1), 
1189(2), 1211(0), 1227(2),  1256(1), 
1274(2), 1294(3), 1346(0), 1378(5), 
1393(0),  1438(7), 1451(7),  1468(1), 
1486(0), 1506(1),  1549(1),  1567(0), 
1588(2), 1624(1) 1646(10), 1684(10). 


50 i$ wt. % This mixture of hydrocarbons (87 g) was distilled in a col- 
umn with copper packing and an efficiency of 100 theoretical 


~1. Distillatio rve of th d 
eae clas plea plates, The results of the distillation are shown in Fig. 1, 


from the dehydration of dimethylcyclopentyl- 

carbinol in the presence of 0.1% concentrated The fraction boiling at 123,1-123,.3° (760 mm) was 1-iso- 

H2SO4. propylcyclopentene; 1.4436; 0.8007; MR, 36.53, cal- 
culated for CgHy, with one double bond, 36,48 (literature values 

bp. 123.0-123,2°; n®p 1.4443; 0.7988). Ramanspectrum of 1-isopropylcyclopentene: A (in cm74); 

223 (3), 247 (2), 293 (2), 322 (23), 358 (9), 377 (0), 400 (1), 411(1), 444(10), 473(5), 502(3,b, f), 527(1),527 (1), 582(4), 

607 (3), 650 (2, b), 761 (1, f), 784 (3, b), 814 (7, b, f), 841 (29), 891 (29), 908 (20), 920 (7), 947 (13), 959 (17), 

1017 (19), 1034 (15), 1069 (12), 1099 (13), 1117 (8), 1135 (5), 1149 (2), 1177 (8), 1206 (14), 1239 (2), 1251 (8), 

1277 (1), 1296 (26), 1306 (17), 1441 (64), 1464 (35), 1495 (2, b), 1525 (2), 1565 (1), 1645 (84, b), 2843 (220), 

2867 (190), 2899 (250), 2912 (240), 2936 (100, f), 2968 (200), 3056 (70). 


The fraction boiling at 128.9° (760 mm) was {sopropenylcyclopentane; 1.4479; 0.8072; MR 
36,54 . Raman spectrum of isopropenylcyclopentane: Ap (cm7}) : 208 (10, b), 322 (13, b), 365 (10, f), 374 (23), 
435 (2), 467 (8, b), 498 (6, b), 525 (5, f), 541 (15), 592 (1, b), 653 (2, b), 704 (10, db?)732 (3, b), 791 (4, b), 
832 (9), 851 (10, b), 889 (50), 945 (7), 991 (3, b, f), 1003 (23), 1035 (15, db), 1067 (7), 1090 (7), 1155 (10), 
1182 (2, b, f), 1208 (2, b, f), 1241 (4, b, f), 1271 (2, f), 1289 (13), 1305 (8), 1335 (5), 1371(4), 1393 (18), 1434 
(25, f), 1448 (39), 1478 (8, f) , 1502 (3, f), 1646 (96, b), 2850 (70, f), 2869 (150), 2892 (50, f), 2913 (190), 

1947 (210), 2964 (200), 2987 (100), 3012 (20, f), 3079 (70, db?) 


The fraction boiling at 139,0° (760 mm) was isopropyjidenecyclopentane; 1.4587; d?9, 0.8182; MR) 
36.80 (literature [5]; b.p. 137-138; n™p 1.4597; d”, 0.8202), 


Raman spectrum of isopropylidenecyclopentane; Av (in cm7}) : 223 (3,f), 353 (43, b), 486 (38), 524 (23), 
545 (1), 575 (12), 596 (3), 620 (4), 712 (34), 743 (2), 770 (4, b), 826 (19), 847 (7), 905 (76, s), 927 (2), 960 (11), 
1012 (6), 1025 (28), 1067 (10), 1100 (9, b), 1168 (11), 1190 (1), 1214 (15), 1229 (17), 1255 (3), 1274 (12),1297 (8), 


*f = background, 


1316 (3), 1333 (2), 1370 (10, f), 1378 (41), 1432 (54), 1451 (66), 1471 (24), 1490 (0), 1539 (4, b), 1604 (1), 1658 
(3), 1685 (140, b), 2834 (150), 2860 (270), 2885 (240), 2909 (330), 2936 (250), 2955 (240), 2979 (120, f). 


TABLE 1 The composition of the dehydration prod- 
uct is presented in Table 1. 


Hydrocarbon 


distil - 


Dehydration of dimethylcyclopentylcarbinol 
1-Isopropylcyclopentene ~25 25 — 30 by means of 0.01 % concentrated HSO,. The 
dehydration of 70 g of dimethylcyclopentyl- 
Isopropenylcyclopentane ~40 40-35 carbinol in the presence of 7 mg of concentrated 
H,SO, was carried out under the same conditions 
Isopropylidenecyclopentane ~35 35 as in the experiments with 0.1% acid. The 40g 
dehydration product boiled at 120-139; (66.6%) 
Np” 1.4505 ; 0.8122. 


Raman spectrum of the dehydration product: 
Av (in cm) ; 213 (1), 232 (0), 252 (0), 271 (1), 292 (0), 319 (2), 353 (2), 373 (3), 398 (0), 420 (1), 437 (1), 487 
(2), 527 (3), 539 (4), 577 (1), 613 (0), 640 (0), 655 (0), 676 (0), 698 (0), 710 (5), 742 (0), 767 (0), 787 (0), 803(0), 
826 (2), 841 (1), 853 (2), 888 (6), 902 (6), 941 (1), 957 (1), 1004 (3), 1025 (2), 1041 (2), 1066 (3), 1084 (1), 1099 


(2), 1148 (2), 1162 (2), 1189 (2), 1216 (2), 1230 (0), 1263(0), 1293(3), 1332(1), 1376(4), 1388(4). 1436(3), 14478), 
1472 (2), 1518 (1), 1544 (2), 1583 (2), 1645 (10), 1685 (9). 


On the basis of the Raman spectrum, the composition of the dehydration product was 10-15 % 1-{sopropyl- 
cyclopentene, 68-63 % isopropenylcyclopentane, and 22 % isopropylidenecyclopentane. 
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Copper salts of niobium acids can be prepared by two different routes: 
Cu,O | Nb,O, ““> 2CutNb*O,, 
CuO 4- NbO, 
Analogous reactions may also be used for the preparation of the corresponding tantalum compounds 


Cu,O 2Cu'Ta**O,, (1b) 


CuO TaO, Cu®*Ta**O. (2b) 


There is basis for the assumption that the products of these reactions are not identical, For example, as the cal- 
culations below show, the densities of these compounds calculated on an additive basis are different : 


Mol. wt, CuNbO,_ 
(MV) + (MV), 


Mol. wt CuNbO3 
(MV + (MV) 


= 5,0, 


= 5.5. 


It would also be expected that these compounds would display substantial differences in their magnetic prop- 
erties. Compound (1a) should be diamagnetic, since neither the cu’ (d?*) § ion nor the Nb**(d°) ion have elec- 
trons with unpaired spins. In compound (2a), both fons, Cu* *(#) and Nb (d'), contain one unpaired elec- 
tron which does not participate in the formation of a chemical bond, Therefore, compound (2a) should be 
diamagnetic, 


It appeared to be of interest to prepare these two series of compounds of copper with niobium and tantalum 
acids and to establish the valence states of the elements in them, The present communication presents the re- 
sults of an investigation in which copper salts of niobium and tantalum acids were prepared and identified by 
magnetochemical methods and x-ray phase analysis, 


(1a) 
(2a) 
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The niobium pentoxide used in the present investigation was purified and analyzed by methods described 
previously (1). The method used to purify the tantalum pentoxide has been described in [2], Preparation of the 
niobium and tantalum dioxides and methods for their analysis have been reported in [3]. The samples of copper 
niobate (1a) or, respectively, copper tantalate were prepared by sintering equimolar amounts of Cu,O and Nb,Og 
(or CuO and Ta,Os) under vacuum (103 mm Hg) at 1000° for 8 hours, ag interaction between cupric oxide 
and niobium (or tantalum) dioxide was also carried out under vacuum (107° mm Hg) but at a temperature of 700°, 
These substances were analyzed for copper and niobium (or tantalum) contents, A portion of the substance weigh- 
ing about 0,2 g was fused with a ten-fold amount of potassium pyrosulfate, The melt was cooled and then leach- 
ed with a four percent solution of tartaric acid. When this solution was electrolyzed, the copper precipitated 
first at the cathode; the precipitate was washed and then dissolved in 2N NaOH, and the copper was determined 
fodometrically, The niobium or, correspondingly, the tantalum which remained in the electrolyte after separa- 
tion of the copper was determined as described in [4], The analytical results and the results of pycnometric 
density determinations on these compounds are presented in Table 1; the densities were determined in toluene, 


TABLE 1 
Composition and Density of Copper Salts of Niobium and Tantalum Acids 


Composition, % Density, 
Compound Cu Nb (Ta) g/cc at Color 


found | calc. found | calc. 18° 


CutNb5+O, 30,04} 31,07 | 46,8 | 45,44 orange -brown 


Cu2*Nb*tO, 32,17} 31,07 | 44,3] 45,44 : tobacco 
CutTa®*O, 21,00) 24,44 (OL light brown 


Cu**Ta**O, 21,29; 21,7! 61,9 | 61,88 dark brown 


Pree 


30 40 60 70° 


Fig. 1. X-ray patterns of oxygen compounds of copper and niobium: 
1) CuO; NbOy cu Nb“Og IV) V) Cu,0, VI) 
Nb 


The analytical data show that sintering of the different niobium (or tantalum) oxides and copper oxides 
actually does form products of uniform composition, The densities of these preparations were close to those 
calculated from the molar volumes, These compounds are stable, and they do not dissolve in concentrated min- 
eral acids. X-ray patterns taken by the powder method using x-ray cameras with cell diameters of 57.3 mm 


were obtained for identification of the compounds synthesized and the materials from which they were prepared, 
The exposures were made with CoK, -radiation., A total of 18 x-ray patterns were obtained, some of which 
were obtained with copper radiation, The most characteristic results calculated from the patterns are shown in 
Fig. 1. From a comparison of patterns I, II, and II, it is seen that III is the pattern of a new chemical compound 
(2a). CuO lines (I) and NbO, lines (II) are also present in pattern I, but their intensites are weak, Very weak 

lines (V) of cuprous oxide probably formed during heating of the cupric oxide) are present in pattern II, but they 
disappear when the sample is washed with acetic acid, From a comparison of the patterns for Cu * eto, (IV),Cu,O(V) 
and Nb,Og (VI) it may be seen that lines corresponding to the starting material are not present in pattern IV; thus, 
there is no doubt that this is the pattern of an individual compound (1a), 


TABLE 2 


xg 10" X molto 
Substance gork | 206% | 200°K | | 206%K | 200°K 
7,3 | 2,961 2.93 1630 710 490 
Cu?*Tat*Og3 1,0 | 0,3 0,28 1900 728 514 


TABLE 3 


Values of the Curie Constant and Average Effective Moments 
of cu", nb and Tat Ions in the Molecules 


Effective moment 


Compound Curie 
constant per atom per molecule 


cu 0.15 0.78 1.10 


cu 0.17 0,83 1.17 


The magnetic susceptibility was measured for each of the substances prepared; the measurements were 
made by the Gouy method [5] at 90, 206, and 290°K and a field intensity H of 1900-2100 oe, It was found that 
the compounds prepared from cuprous oxide and wg or tantalum pentoxide are diamagnetic, On this basis, 
we assign to them the formulas Cu nb Og and cu’ Ta Ons since none of the ions in these molecules have un- 
paired electrons, The compounds prepared from cupric oxide and niobium dioxide or tantalum dioxide are para- 
magnetic, The experimental magnetic susceptibilities, calculated per mole of substance and corrected for dia- 
magnetism, are presented in Table 2, The experimentally determined temperature dependence of the magnetic 
susceptibilities of these compounds follows Curie’s law 


%mol— Gnoi! @) 


Using Curie constants calculated from Eq, (1) and the data of Table 2, it is possible to calculate the average 
effective moments due to one paramagnetic atom in the compounds; 


C 
erp 2,84 V 


These calculated data are presented in Table 3, The values of the average effective moment indicate 
divalent copper and tetravalent niobium and tantalum in these compounds, On the basis of the magnetic meas- 
urements and the data from the chemical analyses, compounds (1a) and (1b) may be considered the metaniobate 
and metatantalate of univalent copper, and compounds (2a) and (2b) may be considered a niobate and tantalate 
of divalent copper. It is basic that these compounds are related by valence isomerism, 


| 
| 
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The method used for the alkylation of phenol with amylenes and the treatment and analysis of the reaction 
products remained basically the same as for the alkylation of phenol with isobutylene in the presence of boron 
trifluoride [1]. In the present case, only the method of introducing the amylenes into the reactor was changed; 
the amylenes were fed by means of a buret and a capillary tube, By means of the glass capillary, the liquid 
amylenes were fed directly into the mixture of phenol and catalyst, which had been heated to 100°. This method 
ot teeding the amylenes provided optimum conditions for contacting the reactants, 


The amylenes were prepared by catalytic dehydration of isoamyl alcohol over granular aluminum oxide 
at 380-400°, 3-Methyl-1-butene, 2-methyl-2-butene, and 2-methyl-1-butene were formed during the dehydra- 
tion, The pure olefins were obtained by treating the amylene mixture at 0° with 75% H,SO,; the 3-methyl-1- 
butene, which did not dissolve in the H,SO,, remained in the upper layer, which was separated, treated with a 
10% solution of NaOH, washed with water until the wash water had a neutral reaction, dried over calcium chlo- 
ride,and fractionated, The fractionation yielded a fraction which boiled at 19-20°/753 mm and which had d”°, 
0.6274 and nD 1.3641; these properties are in agreement with those of 3-methyl-1-butene, A fraction boiling 
at 37-38°/753 mm was separated from the lower, acid layer; this fraction had d°, 0.6595 and np 1,3863, which 
are in agreement with the literature values for 2-methyl-2-butene, 


The first experiments on the alkylation of phenol in the presence of boron trifluoride were carried out with 
3-methyl-1-butene and 2-methyl-2-butene, The results of the investigation showed that with both the first and 
the second amylene, alkylation of phenol gave alkylates having the same composition. The major product at a 
phenol-to-amylene mole ratio of 1:1 was p-tert-amylphenol, The formation of p-tert-amylphenol during alkyla- 
tion with 3-methyl-Fbutene is possible through isomerization of the olefin to 2-methyl-2-butene during the 
course of the reaction, A similar process occurred during the alkylation of benzene with 3-methyl-1-butene; in 
this case, tert-amulbenzene was formed, The alkylation was next carried out using a mixture of 3-methyl-1- 
butene and 2-methyl-2-butene, The data on the alkylation of phenol with amylenes in the presence of different 
catalysts are presented in Table 1, The charge to the reaction consisted of 94 g of phenol, 70 g of amylenes, 
and 1.6 g of catalyst (1.7% by weight of the phenol), The alkylation was carried out at 100°. After all of the 
amylenes had been charged, the reaction mixture was stirred for an additional 30 minutes at 110-120°, 


The data of Table 1 show that the highest yields from the alkylation of phenol with amylenes are obtained 
in the presence of boron trifluoride and catalysts containing boron trifluoride (Experiments 1, 2, and 3). The 
yields of p-tert-amylphenol were, respectively, 95, 90, and 89% of theoretical. Next in effectiveness for this 
reaction was 75% H,SO, — the yield of p-tert-amylphenol was 81% of theoretical — and the poorest catalyst was 
aluminum chloride, which gave a yield of p-tert-amylphenol of 64% of theoretical. 
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TABLE 1 


Comparative Data on the Alkylation of Phenol with Amylenes in the Presence of 
Different Catalysts (Phenol-to-Amylene Mole Ratio of 1:1) 


Expt. Comp. of reaction mixture, % Yield, % of theoretical 


p-tert- liquid | 
phenol @Myl- products | _2™Y!"|products 
phenol | 


Catalyst 


BFs 

I 1,PO,4 B Fs 
(CaH5)0- BF 
(75%) 
AICla-HSO, 
AlCls 


95 

89,5 
88,5 
§1,0 
67,7 
64,0 


STEN 


—_ 


* The optimum amount of 75% H,SO, for the alkylation of phenol with amylenes 
under these conditions was 17% by weight of the phenol, 


TABLE 2 


Effect of the Amount of Catalyst on the Composition and Yield of Reaction Prod- 
ucts from the A lkylation of Phenol with Amylenes (Temperature, 100°; Phenol- 
to-Amylene Mole Ratio, 1:1) 


Expt. 
No, % by wt. p-tert- 


Amt, of catalyst | Comp. ofreaction mixture) | Yield, % of theoretical 


liquid | p-tert- liquid 


]- 


of phenol! Phenol phenol products phenol products 


0,9 85 8 95 
1,7 35 9: 98 
5.2 95 3 | 
26,2 2» | 96 


The liquid products obtained during the alkylation of phenol with amylenes in the presence of boron tri- 
fluoride with equimolar amounts of the reactants consisted of 15% phenol, 55% tert-amyl phenyl ether, 5% di- 
tert-amylphenol, and 25% tert-amyl tert-amylpheny! ether, 


An investigation of the effect of the amount of catalyst on the yield and composition of the products from 
the reaction of phenol with amylenes in the presence of boron trifluoride showed that at 100°, a change in the 


amount of catalyst over the range of 1,8 to 26% had an insignificant effect on the yield and composition of the 
alkylation products, 


The data obtained in the investigation of the effect of the amount of catalyst on the reaction are presented 
in Table 2, 


As may be seen from the data presented above, the alkylation of phenol with amylenes proceeds better than 
the alkylation of phenol with isobutylene [1] under equivalent conditions, For example, with equivalent amounts 
of catalyst, 1.7%, the yield of p-tert-amylphenol was 95% of theoretical, and the yield of p-tert-butylphenol was 
only 78%, The yield of p-tert-amylphenol at the lowest amount of catalyst investigated (0.9%) was quite high 


(88%), while the liquid alkylation products reached only 7%, No amylene polymers were found in the liquid 
products, 
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No. 
| 
1 98 
2 98 
3 95 
4 92 
5 90 
6 | | $9 
| 
7 | 0,8 
1,6 
4,9 
. 10 24,6 | 
| 
i 


An increase in the amount of catalyst to 1.7% increased the yield of p-tert-amylphenol to 95% of theoretical 
and decreased the yield of liquid products to 3%, A further increase in the amount of catalyst had practically 
no effect on the yield of alkylation products, The optimum amount of catalyst for the alkylation of phenol with 
amylenes under the conditions investigated was 1.7%, The crude alkylate obtained at a mole ratio of phenol to 
amylenes of 1:1 had the following composition (in %); phenol , 2,5; p-tert-amylphenol, 95,7; tert-butyl phenyl 
ether, 0.6; di-tert-amylphenol, 0.9; and tert-amyl p-tert-amylpheny! ether, 0.3, 


When the mole ratio of phenol to amylene was decreased to 1;2, the crude alkylate had the following 
composition (in %); phenol, 0; p-tert-amylphenol 21; amyl phenyl ether, 2,3; di-tert-amylphenol, 30; and 
tert-amyl p-tert-amylphenyl] ether, 46.7, The decrease in the mole ratio of phenol to amylene to 1;2 sharply 
decreased the yield of p-tert-amylphenol and increased the yield of di-tert-amylphenol and ether products, 


The ether products isolated had the following constants; for tert-amyl phenyl! ether, np 1.4941, OH absent, 
0.9352, mol. wt. 166; for tert-amyl tert-amylphenyl ether, 1.5038, OH absent, 0.9406, mol. wt. 
4 y yipheny 4 
234.5, 
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The kinetics of the homogeneous destructive hydrogenation of aromatic hydrocarbons (toluene, ethyl-, 
n-propyl-, and n-butylbenzene, and tetralin) were studied in a flow system at temperatures of about 500° by 
M. S. Nemtsov and co-workers [1], These authors came to the conclusion that the reaction rate is satisfactorily 
described to a first approximation by an equation for a bimolecular reaction between the hydrocarbon 
and hydrogen. In spite of the fact that the values of the pre-exponential factor of the Arrhenius 
equation calculated from the experimental data were higher than the values calculated by activated collision 
theory, Nemtsov considered it improbable that the reaction proceeds by a radical chain mechanism, More 
recently, work in our laboratory has yielded data supporting a radical chain mechanism for this process, This 
scheme includes the interaction of molecular hydrogen and radicals formed by the thermal decomposition of the 
aromatic compound with the formation of atomic hydrogen; the latter, in turn, interacts with molecules of the 
original compound, splitting off a substituent (an alkyl radical from alkylbenzenes, a hydroxyl group from phenols, 
etc.) and thereby forming radicals which react with molecular hydrogen to regenerate atomic hydrogen, In addi- 
tion, there are various reactions of radical recombinatioa and interaction of radicals with molecules of the orig- 
inal, intermediate, and final products which are reflected chiefly in the composition of the high-boiling fractions, 


The mechanism presented above is in agreement with the complexity of the kinetics of the process. Thus, 
it was found by V. E. Nikitenkov and one of us [1] that the rate of homogeneous destructive hydrogenation of 
toluene at 450-490° increases more slowly with an increase in hydrogen concentration that it should on a pro- 
portional basis; it was also found that the reaction did not remain first order with respect to toluene, On the 
basis of the reaction mechanism presented in [2], it would be expected that expression of the reaction rate, w, 
by means of the equation re 

w = 


(1) 


could at best be only approximate, The values of m and n_ in Eq, (1) should depend on the relationships be - 
tween the rate constants of the individual reaction steps and, consequently, should change with changes in 
temperature, According to[2], m 20.5 and n=1, — Silsby and Sawyer recently reported that the rate 
of thermal demethylation of toluene in the presence of hydrogen at atmospheric pressure and temperatures of 
700-950 ° is proportional to the concentration of toluene and to the square root of the hydrogen concentration, 
Taking as a basis the reaction mechanism proposed in [2], the authors assumed that the numerous reverse and 
“side” reactions could be disregarded, and were thus able to substantiate the kinetic law indicated above, It 
was later proposed in (5] that the coacentration of atomic hydrogen in the reaction sphere during homogeneous 
destructive hydrogenation is determined by the equilibrium dissociation of molecular hydrogen, The kinetics 
of this same reaction at 540-660° and a pressure of 100 atm were subsequently studied in this laboratory [6]. 


— | 


Under these conditions, the kinetic equation proposed earlier [5] 
proved to be unsatisfactory, and the rate constants determined by 
means of this equation differed substantially from those calculated 
from the data of [5]. The authors of [6] proposed that the reaction 
mechanism might change with temperature. 


The facts discussed above induced us to investigate the ki- 
netics of the homogeneous destructive hydrogenation of toluene at 
530°, which is close to the temperature used in the work reported 
in [1,6]; the reaction was carried out in a flow system (the investi - 
gation reported in [2] used an autoclave, which made it difficult 
to obtain accurate kinetic data), The homogeneous destructive 
hydrogenation of orthocresol was also investigated in the present 
work (we previously studied orthocresol using an autoclave [7]). 
The total pressure in the system was varied from 45 to 135 atm. 


A schematic diagram of the apparatusis shown in Fig, 1. The 
toluene (or orthocresol), of which 40 g was used in an experiment, 
was passed from calibrated cylinder 1 through a precise control 
valve 2, into reactor 4, the internal diameter of which was 30 mm. 
The liquid feed rate was controlled by counting drops through win- 
dow 3, below which hydrogen was introduced into the reactor . The 
mixture of hydrogen and liquid feed passed through a pre-heater — 
a layer of porcelain chips 9, with a length of 100 mm — and then 
passed through a narrow annular gap (1 mm) between the reactor 
wall and steel cylinder 10 into the reaction zone (125 m1 volume), 
which was held in place from below by a second steel cylinder 10, 
The temperature in the reaction zone was maintained constant with- 
in + 2°, The hydrogen flow rate was controlled with the aid of 
flow meters 6 and 8, the latter being located downstream of control 
valve 5, The nominal contact time was calculated by means of the 
relationship t = V/v, where V is the volume of the reaction zone 
and v_ is the volume of the mixture of feed vapor and hydrogen 
passing through the reaction zone per unit time. 


Fig. 1. Schematic diagram of the flow 
apparatus, 1) Calibrated cylinder, 2) 
precise control valve, 3) window, 4) 
reactor, 5) control valve, 6) gas flow 
meter, 7) receiver, 8) gas flow meter, 
9) porcelain chips, 10) steel cylinders, 
11) thermocouple, 12) reaction zone, The toluene and o-cresol were first distilled in a fractiona- 

tion column having an efficiency of 20 theoretical plates, and 

they were characterized by the following constants; toluene, b.p. 
110.4-110.6°/760 mm, 1.4968; o~cresol, b.p, 191.3-191.5°/ 760 mm, 1.5454, The liquid reaction 
products were distilled in a column of the same efficiency, The fractions collected in the toluene experiments 
were;a benzene fraction (b.p. 79.5-95°, nD from 1.5002 to 1.5005) and a toluene fraction (b.p. 95-110.6°, np 
from 1.4966 to 1.4968), In the experiments with cresol, the liquid reaction products were dried and then dis- 
tilled into five fractions, Fraction 1 (to 95°) consisted predominately of benzene; about 95% of it bowled from 
15 to 82° and had an n™Dp from 1.4875 to 1.4980. Fraction 2 (95-113°, n™p 1,.4950—1,.4958) contained toluene, 
Fraction 3 (113-175°) was an intermediate cut, Fraction 4 (175-186.5 °) contained phenol, while fraction 5 
(186,5-192") was unchanged cresol. The distillation residue contained about 75% toluene, For the composi- 
tion of the reaction products boiling above o~-cresol and the composition of the gaseous products, see [7]. 


Table 1 presents the results of the toluene experiments at 530°. We used Eq, (1) to describe the kinetics 
of the process in order to compare our results with the results of [5,6]. The order of the reaction with respect to 
toluene, m,, was found by fitting the results to Eq. (2): 


I—m, 1—m, 
P, Pp 


(1—m,) 


| 
9 
fey 
10 
| 
| 
| 
| 
| 
| 
hrs (2) 
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where P, and P are the initial and final partial pressures of toluene, The calculations were carried out using the 
data of Experiments 1-7, in which the hydrogen partial pressure was maintained approximately constant (at 


about 75 atm ), The most constant value of the “constant” Koy was obtained with m, = 0.8. The resulting 
2 
values of PH, are presented in Table 1, 


TABLE 1 


Homogeneous Destructive Hydrogenation of Toluene at 530°, 


Partial 
pressure , 
{n atm. 


Partial 
pressure, in 


in hr 


i 
Yino 


H, 


Expt. No. 


He 


Benzene 
yield, in molé 
% 


0,420 
0,505 
0,608 
0,776 
0,500 
0,202 
0,505 
0,296 


= 


* Taking into account 5% loss. 


The order of the reaction with respect to hydrogen (n,.) was 
determined by plotting the data of Experiments 1, 2, and 8-16 as 
log Kp vs log Py, (see Fig. 2). The resulting straight line gave 

2 


a value of np of 0.9. Thus, the kinetics of the homogeneous des- 
tructive hydrogenation of toluene at 530° can be approximately des- 
cribed by the equation; 


w= cn, Pri (3) 


It should be noted that the application of the equation for a 
1 4 1__. bimolecular reaction [1] and of Eq. 1 with Mp = 1.0 and Np = 0.5 


[5,6] did not give satisfactory results, 


; The results of similar experiments with o-cresol at 550° are 
Fig. 2, Determination of the order of 
: presented in Table 2, The reproducibility of results in these ex- 
the reaction with respect to hydrogen ; 
(hr) periments was not as good as in the experiments with toluene; this 
= may be explained by the necessity of drying the reaction product 
from the water formed during the reaction and also of calculating 
the smal! amount of unreacted cresol in the high-boiling residue, Substitution of various values of M,, into 
Eq. (2) gave the best results at m,, = 0.7. By constructing a graph similar to Fig. 2, it was found that the order 
of the reaction with respect to hydrogen was close to 0,6 (from the data of Experiments 20-25), 


Thus, the kinetics of the homogeneous destructive hydrogenation of o-cresol at 55U° are described ap- 
proximately by the equation 


w PRE. 


The results presented above suggest the conclusion that neither the equation for a bimolecular reaction 
nor the equation proposed in [5,6] are in agreement with our experimental data, Homogeneous destructive hy- 
drogenation of aromatic hydrocarbons and their derivatives proceeds by a complex radical-chain mechanism °; 
the rate of this process can be described only approximately by an equation of the type of (1) in which the ex- 
ponents of the concentrations of hydrogen and of the compound investigated differ depending on the structure 


*we found that the addition of 1% nitric oxide to the hydrogen somewhat inhibited the demethylation of toluene 
at 490° and 250 atm. 


E | | 
Ro 
} «2 
CH i | | 
9,249 
| 0,373 
4 0,525 
3 | 0.673 
0.795 
.7 | 0,745 
| 1,005 
0 
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of the compound (and, possibly, on temperature also), The available data suggest that the values of these ex~- 
ponents vary within the limits of 0,5 to 1.0, 


In conclusion, we must point out that carrying out the homogeneous destructive hydrogenation of o-cresol 
at higher temperatures than those used in our kinetic investigations leads to significant yields of phenol (along 
with benzene and toluene) at rather high cresol space rates, Thus, for example, at 700°, a hydrogen partial 
pressure of 30 atm, My,: Mcr = 3:1, and a space rate of 4.5 hours™ we obtained 6,8 wt. % benzene, 10,4 wt.% 
toluene, and 26,2 wt. % phenol, 


TABLE 2 


Homogeneous Destructive Hydrogenation of o-Cresol at 550°, 


Composition of the liquid products in wt. 
% of the original cresol 


Partial 
pressure,in 
atm 


0,7 


at 
er = 


sol Fr. 1 | Fr. 2 Fr, 4 o-cre - 


bend benzene,| toluene, | phenol eee - 
ol ee 


oe 


* The table does not include data on the intermediate cut, No.3 (0.8-1.5 wt), the 
residue, nor on the water content 
**Fraction 5 plus 75 % of the residue comprised 5-8 wt.%, 
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EQUILIBRIUM DIAGRAM OF THE SYSTEM Co~-C0 9B 


P. T. Kolomytsev 
N. E. Zhukov Military —Air Force Engineering Academy 
(Presented by Academician I. I. Chernyaev, September 7, 1959 ) 


(Translated from: Doklady Akademii Nauk SSSR, Vol, 130, No.4, 
pp. 767-770, 1960) 


Original article submitted September 2, 1959. 


The equilibrium diagram of the system cobalt-boron, which is now well known, was determined for com- 
positions of up to 9.87% B on the basis of the experimental investigations of N. P. Chizhevskii and B. A. Shmelev 


[1]; this work was done independently of that of Koster and Mulfinger [2], who determined the equilibrium dia- 
gram of the system Co-Co,B. 


The diagram of Koster and Mulfinger has a single eutectic with a melting point of 1102° and containing 
5.5% boron, The solubility of boron in cobalt at the eutectic temperature is about 1% according to[2]. The 
Chizhevskii and Shmelev equilibrium diagram of the cobalt-boron system, which is shown in Fig. 1, was construct- 
ed on the basis of data obtained by thermal analysis of alloys containing from 0,07 to 9.87% boron, The authors 


also determined hardness and density and carried out x-ray and metallographic investigations of the cobalt—boron 
system, 


According to the data of [1], the solubility of boron in cobalt is approximately 0.5% (between 0.23 and 


0.67%), The authors of [1,2] considered that the first intermetallide phase on the cobalt side of the cobalt-boron 
system is the compound CoB, 


Since we have established the existence of the compound Co,B in the cobalt-boron system [3], which was 


not noted by the other investigators, it became necessary to define the equilibrium diagram of this system more 
accurately, 


Samples with a boron content of from 2- 8.7% were investigated in detail for the construction of the equi- 
librium diagram, while the samples investigated for the determination of the solubility of boron in cobalt had 
boron contents of up to 0.1% (calculated on the basis of the materials used in preparing the samples ). 


Powdered cobalt of 99,53% purity was used for the preparation of the alloys containing 2-8,7% boron; this 


cobalt contained as impurities (in percent) Ni, 0.19; Cu, 0.01; Fe, 0.08; Og, 0.08; C, 0.02; Si, 0.02; moisture, 
0.03, Amorphous boron was used, 


The boron was prepared by thermal decomposition of diborane, and contained as impurities 0.18% hydro- 
gen, 0.826% oxygen, and traces of metals. The oxygen and hydrogen were removed by heating at 1300-1400° 
under a vacuum of 107-10 mm, After the heat treatment, the boron content of the powder was not less than 
99.8%, The powdered cobalt and boron were carefully mixed in the appropriate proportions, pressed, and then 
fused in aluminum oxide crucibles, The weight of the charge to the fusion was 40 g. 


The use of high quality boron permitted the preparation of alloys having compositions in agreement with 
those of the charges, Chemical analyses of the alloys containing 4.0, 5,8 and 8.5% boron were carried out by 
L. N. Kugai in the Institute of Metalloceramics and Special Alloys, Academy of Sciences,Ukr SSR ; these 


| 


analyses showed that the boron content of the alloys differed from that of the charge to the fusion by not more 
than +0,1%. Determination of the initial and final cyrstallization temperatures of the alloys was carried out 
by thermal analysis, The castings were broken up, and fine pieces of the alloy were placed in a crucible into 
which was inserted a platinum—platinum-rhodium thermocouple, The calibration curve of the thermocouple— 
galvanometer system was checked using N0000 nickel, which has a melting point of 1453°, and through the 
use of alloys having known meiting points, A copper-aluminum eutectic alloy containing 8.5 % aluminum and 
having a crystallization temperature of 1037° and a nickelaluminum eutectic alloy containing 13% aluminum 
and solidifying at 1385° were used as standards, The initial fusion and the subsequent heating and cooling re- 
quired for construction of the cooling curves were carried out under a vacuum of 10-10% mm, The cooling 
rate in the upper temperature range did not exceed 25° per minute, and in the lower range it was considerably 
less, The galvanometer readings were recorded every 10 seconds, The error in the determinations of the critical 
points did not exceed + 3°, The time required for the crystallization of the eutectic alloy was 4 minutes on 
the average, The thermal analysis results are presented in Table 1. 
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Fig. 2. Microstructure of the alloy 
containing 0.2% B after annealing for 


ig. 1. Equilibri agra 
Fig quilibrium diagram of the system 


Co-B8 (after Chizevskii and Shmelev). 


TABLE 1 
Results of Thermal Analysis of Alloys of the System Co-B. 


Initial Final 
crystallization crystallization 


Alloy Alloy 


No. 


galv. 


galv. temp., temp. 
° reading 


reading,| *c 


Boron content, 
wt. %o 
wt. % 


Boron content, 


oes 6 © 


& 


COO 


1000 103° 
| 
emp. |841V. |temp., 
| Tead - 
Cc fig 
| mv 
4 
K44 | - 12,8 | 1185 |44,8 | 1140 
K45 12,8 | 1185 | 11/8 | 1110 
K46 13,4 | 1230 | 11,75] 4105 
K47 13,7 | 1255 |14°8 | 1110 
Kis 13,8 | 1260 11,8 | 1110 
3, 1260 | 41,80] 1140 
K50 12,05 4127 741,75] 1405 K37 | 13,85 | 1265] — | — 
K5! | | |] K38 | 13°99 |4270| — | — 
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Construction of the Tamman triangle from 
the thermal analysis data and investigation of the 
microstructure indicated that the concentration of 
boron in the eutectic was approximately 4%, 


Determination of the crystallization tempera - 
ture of the eutectic was carried out by the metal- 
lographic method also, It developed that, after the 
pre-deformed sample containing 0.2% boron had 
been held for an hour at 1095°, a boride component 
was observed to have fused along the grain boundar- 
ies (Fig. 2). The boride phase was separated elec- 
trochemically from a series of alloys, and analysis 
of this phase showed that the first boride phase on 
the cobalt side is apparently the compound CoB. 


In particular, the boride phase was isolated 
electrochemically from pre-eutectic alloy K45, 
which contained 3% boron, by the method proposed 
by N. M. Popova and A. F, Platonova for the isola- 
tion of borides from nickel alloys [4]. 


0 


ilibrium d h 
Fig A 25% aqueous solution of hydrochloric acid 


with 3% ammonium fluoride added was used as the 
electrolyte, The current density was 0.02 amp/sq cm and higher, and the electrolysis time was 4 hours, X-ray 


structural analysis of the deposit, carried out by the powder method using CuK a radiation, showed that the boride 
phase in the 3% boron alloy was the compound CoB. 


This result, together with the microstructure studies, permitted us to establish that the structure of the pre- 
eutectic alloys at a temperature above 400° consists of a solid solutionof 6-cobalt and the eutectic(B + Co3B). 


The determination of the solubility of boron in cobalt at a temperature close to the eutectic temperature 
was carried out simply by studying the microstructure of samples containing small amounts of boron, For this 
purpose, alloys containing added boron in amounts of 0.010, 0,020, etc.,up to 0.10% were melted under vacuum, 


These alloys were prepared from K000 cobalt bars containing not less than 99,9% cobalt and fre: a 4% 


cobalt-boron alloy prepared from cobalt powder and amorphous boron by the same method as used for the thermal 
analysis samples, 


The castings were forged into bars with a diameter of 10 mm; a layer 1-1.5 mm thick was turned from the 
bars on a lathe, and the bars were then sectioned into samples 25-30 mm long. These were heated for 30 hours 
at 1080-1090° in an atmosphere of pure argon, and were subsequently quenched in water, 


During the thermal treatment, the greatest amount of boron was burned from the surface layers in an ordin- 
ary atmosphere, the next greatest amount in an atmosphere of argon, and the least amount when the thermal! treat- 
ment was carried out under a good vacuum. For this reason, the metallographic samples were taken from the end 
of a cylindrical sample from which a layer approximately 3 mm thick had been removed prior to sectioning. 


Turnings were taken from the interior of the thermally treated samples for determination of boron content; 
the boron analysis was carried out by a colorimetric method, 


The study of the microstructure of the thermally treated samples indicated that the limiting solubility of 
boron in cobalt at the eutectic temperature is not more than 0,03%, 


It should be pointed out that the method of determining the solubility of boron by diffusion saturation of 
the metal with subsequent annealing at a temperature close to the eutectic temperature and analysis for boron 
content in the solid solution (as was done by Nicolson [5] during the determination of the solubility of boron in 
iron) is not entirely applicable to the present system, since it is difficult to obtain at a boundary with a bo;ide 
layer a homogeneous solid solution structure without inclusions of the boride phase. 
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During saturation by boron of the surface layer of a cylindrical sample of cobalt K000 , even at 700°, in- 
fusion of the boron was observed, primarily along grain boundaries, with the formation of borides which extend- 
ed to the center of the section, Annealing at higher temperatures led to considerable spreading of the borides 
along the grain boundaries, reaching the center of a sample of 8 mm diameter after 12-16 hours at 1000°, 


On the basis of the above results, we constructed the equilibrium diagram of the cobalt—boron system up to 
8.5% B (Fig. 3). 


This diagram differs from the diagram of [1] by the presence of the compound CosB and a peritectic re- 
action at 1110°. 


The inaccuracies in the diagrams of the authors of [1] and [2] can be explained by the use of insufficiently 
pure components, by the difficulties in obtaining good x-ray patterns from sections, and by the very slow rate of 
the peritectic reaction in the cobalt — boron system, 


Figure 4 presents photomicrographs of alloys K50 and K33, which contained 5 and 6.1% boron, respectively; 
the photomicrographs were taken after the samples had been cooled in an electric furnace with the heater switch- 
ed off. With this method of cooling, both alloys had nonequilibrium, basically equivalent three-phase structures 
consisting of a light component — the compound CoB — a dark component — CogB — and the eutectic. 


This conclusion regarding the structure is in agreement with the x-ray structural analysis data, 


The microstructure was developed by electrolytic etching in a solution of KMnOy, When a 10% solution 
of nitric acid was used as the etching agent, as was done by the authors of [1], it was not possible to separate the 


compounds CoB and CosB, The rapidly cooled alloys could be converted to the equilibrium structure by pro- 
longed annealing at 1000°, 


As a result of these investigations, the existence of the compound CosB has been established, the maximum 
solubility of boron in cobalt has been determined, and a new diagram of the system Co-Co,B has been constructed, 


The author expresses deep appreciation to Prof, I. I. Kornilov for his interest in the work and to E. M. 
Alymova and A, R, Abezgauz for aid in carrying out the experimental work, 
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SYSTEMS FORMED BY 3-METHYLISOQUINOLINE WITH BENZENE, 
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(Translated from; Doklady Akademii Nauk SSSR, Vol. 130, No.4, 
pp. 771-774, 1960) 


Original article submitted August 28, 1959, 


Very little has been published regarding phase equilibria involving nitrogen components of coal tar, We 
have found no phase diagrams at all which include 3-methylisoquinoline as one of the components, 


Of the five substances investigated in the present work, the 2-methylnaphthalene was synthetic, while the 
remaining four were coal] tar chemicals, They were all carefully purified, and fractions melting and crystallizing 
within an interval of + 0,1° were used to form the mixtures ; the melting points of the purified compounds are 
presented in Table 1. 


The solid —liquid equilibria were studied by thermal analysis, with accompanying visual observati ns; the 
apparatus has been described previously [1], A number of mixtures was investigated using a specially constructed 
dilatometer with temperature control by means of an ultrathermostat, The characteristics of certain molten 
mixtures were obtained by measuring the refractive index, np, with an Abbe-type refractometer. 


The lattice parameters of crystalline 3-methylisoquinoline were not known to us, In typing the phase 
diagrams, we took into account chemical interaction of the components, and we compared the form and dimen- 
sions of the molecular models, 


Fig. 1. Cross sections of molecular models of; S,, 3-methyl- 
isoquinoline; Sz and benzene; S,,naphthalene; S,,2-meth- 
ylnaphthalene; Sx, indole, 


i 
| 
COP ¢ 
5 
125 


TABLE 1 


Binary Systems of 3-Methylisoquinoline with Benzene, Naphthalene, 2- 
Methylnaphthalene, and Indole (x,, is wt. %, x, is mole % of 3-methyl- 
isoquinoline, & is initial crystallization temperature, and t, is final crys- 
tallization temperature), 


x 
m 


45,55 
37,68 
28,94 
23,29 
20,40 
16,94 

0,00 


49,38 
36,74 
29,80 
21°15 
15,64 
13.65 
10,55 

4,69 

0,00 


why 


3-methylisoquinoline —2-methylnaphthalene 


100,00 65,7 50,41 

92/47 62:5 | 60 44.42 
87.16 59/9 37,41 
86.10 59 30,70 
8128 57 26,51 
74.89 53,8 22/58 
70.04 9 | 54 17.92 
62/15 46,9 8.35 
56,10 43,5 0,00 
55,00 43 pi 


3-methylisoquinoline —indole 


54,50 
54,00 
53,22 
51,74 
31,24 
47,68 


w 
x 


7 
8 
6 
6 
6 


100,00 
95,16 
89,43 
87,98 
85,76 
81,52 
76,84 
73,82 
69 ,63 
65,49 
62,08 
58,17 
55,70 
55,23 
54,70 


o 3 


- 
- 


- - 
© 
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In Fig. 1, which shows cross sections of models of the molecules, the similarity of 3-methylisoquinoline 
and 2-methylnaphthalene is particularly evident, The models of Fig. 1 were constructed from known data 
(averaged) [2,3]; the data used were: for bond lengths (inA) C —C, 1.4, Car —H 1.08, Car—~Caik 1-5, 
1.37, C~ NH 1,42; for valence angles,<m 120°, 119, 108°; and for intermolecular radii 
(in A), R, 1.8, Ry 1.17, Ry 1.57. The “thickness"of each of the models was close to that of benzene (cross 


3-methylisoquinoline —benzene 
100,00 100,0 | 65,7 65,7 31,3 
94 82 90,9 | 61,2 3,5 24,8 2 «3,3 
88 80,2 | 55,4 18,2 2 
81,75 70,9 | 50,3 14,2 
73,07 59,7 | 43,4 3,5 12,3 4 —§,3 
67,31 52,9 | 38,1 10,0 Si 
61,20 46,3 | 32,7] —3,3 0,0 5,5 
3-methylisoquinoline —naphthalene 
100,00 100,0 | 65,7] 65,7 46,6 35,5 
7 90 ,38 89,3 | 59,0 = 34,2 35,5 
a 88 , 67 87,5 | 57,3 50 27,5 35,5 
. 82,65 81,0 | 53,4 40 19,4 35,5 
75,50 73,4 | 48.0] 35,5 14,2 41 
69 , 22 66,8 | 43,0] 35,5 12,4 47 
Rie 61,16 58,5 | 37,0] 35,5 9,5 56 
59,00 56,3 | 35,5] 35,5 4,2 69 
56,48 53,7 | 37,9] 35,5 0,0 80,2 
50,3 40,0 
44,0 37,5 
37,3 34,6 
30,6 31,3 
26,4 28,8 
22,4 28,8 
17,8 29,8 
on 8,2 39,7 
0,0 34,4 4 
46 
45 
44 
43 
22 
22 
22,3 
22,3 
22,3 
22,3 
22,3 
22 
53 
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sections S", in Fig. 1), ~ 3,6.A. From these data were obtained the cross-sectional area $, in square ang~- 
stroms andthe volume, V, in cubic angstroms of the molecular models, 


The results of the thermal analysis and of the dilatometric experiments, which supplement each other, 
are presented in Table 1 and are shown in Fig. 2 in the form of a graph of x vs. t (x is concentration, t_{s equi- 
librium temperature) and of n p YS» X (two “dot—dash” lines). 


The system 3-methylisoquinolie—benzene; the phase diagram (Fig. 2, 1) and the tabulated data are char- 


acteristic of an eutectic type of equilibrium, 


Fig. 2, t— x and n'y —x diagrams of 
systems of 3-methylisoquinoline with 
benzene (1), naphthalene (2), 2-meth- 
ylnaphthalene (3), and indole (4), 


The eutectic contains 14.2 mole % of the heterocycle and crys- 


tallizes at— 33°. The components of this simple eutectic 
differ very considerably in form (Fig. 1) and dimensions; 
S,/S_ ~ 1.58 and V,/V, ~ 1.67. 


The diagram is only slightly convex with respect to the 
composition axis (i.e, it is close to Type 1 of V. Ya. Anosov [4)]), 
deviating relatively insignificantly from a straight line, This 
deviation may be associated with the small degree of solva- 
tion, 
The system 3-methylisoquinoline —naphthalene contains 
limited solid solutions, which form an eutectic at 35.5° con- 
taining 56.3 mole % of the heterocycle (Table 1, Fig. 2,2). 
Here the ratios of the cross sections and volumes of the mo- 
lecular models do not exceed 10%: $,/S, ~1.06, V,/V3 ~ 
1,09. The graph of n® p, vs. x is a straight line with a Type 
I. slope. 


This mixture crystallized (melted) within a narrow temperature 
interval, of the order of 1-2 from the 2-methylnaphthalene 
side and 3-4° from the heterocycle side. The phase diagram 
(Fig. 2, 3) shows the presence of solid solutions with a mini- 
mum at 28,5° and a 3-methylisoquinoline content of ~24 
mole %, The difference between this type of phase equilibria 
and the preceding ones is in agreement with the smaller 
structural differences between the components; S,/S4 ~ 0.97, 
V/V, ~ 0.97. The graph of n™p vs, x is here again of Type 
I, but it has a rare feature — it is horizontal; it shows optical 
similarity of the components in the liquid phase, 


The system 3-methylisoquinoline — indole, A 1;1 mol- 
ecular compound in equilibrium with the melt at ~47° was 
formed (point M in Fig. 1, 4); its crystallization required 
prolonged standing of the supercooled melts (a day and longer) 
if seeds — crystals of previously formed complex — were not 
used, Two eutectics — e, ~ 34° and e, ~ 22,5°, may be seen 
on the phase diagram (Fig. 2,4); they are formed by limited 
solid solutions of the molecular compound and the initial com- 


ponents, The formation of the compound is the result of interaction of the unshared electrons of the nitrogen of 
the 3-methylisoquinoline with the hydrogen of the indole imine group, A comparison of forms Sy and Sg (Fig. 
1) shows that there is no steric hindrance to complex formation (here S,/ Ss ~ 1.20, V,/Vs ~ 1.16). A similar 
compound has been found in thesystem isoquinoline —indole [5], 


The graph of n™p vs, xX in Fig. 2, 4 consists of two intersecting lines which are almost straight; this 
graph, which is Type Ill, reflects the presence of a molecular compound in the liquid phase. 
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ALKYLATION OF 4-FLUOROANISOLE WITH OLEFINS 
IN THE PRESENCE OF H3PO4, and BF, O(C2Hs), 


V.G. Kryuchkova and S. V. Zavgorodnii 
Voronezh State University 
(Presented by Academician A. V. Topchiev, October 2, 1959) 


(Translated from: Doklady Akademii Nauk SSSR, Vol. 130, No.4, 
pp. 775-778, 1960) 


Original article submitted October 2, 1959, 


In a continuation of our investigations of the chemistry of alkylhalophenols and their alkyl ethers [1], we 
have studied the alkylation of 4-fluoroanisole with propylene, 2-butene, and cyclohexene in the presence of 
boron trifluoride and its molecular compounds with orthophosphoric acid and with ethyl ether, There are no 
data in the literature relating to the alkylation of alkyl ethers of fluorophenols, As our investigation showed, 
4-fluoroanisole is very readily alkylated with the indicated olefins (considerably more readily than are phenol 
and anisole), Alkylation results in a mixture of mono~and dialkyl fluoroanisoles, which are formed in almost 
quantitative yielc , The methoxy group is one of the strongest orienting groups; therefore, the monosubstituted 
fluoroanisole is a 2~alkyl-4-fluoroanisole, while the disubstituted fluoroanisole is a 2 6-dialkyl-4-fluoroanisole, 
The reaction is not accompanied by polymerization of the olefins or by other side processes, The light products, 
after appropriate treatment and drying, distilled completely under rediced pressure without leaving any residue 
in the distillation flask, Separation of the products was rather easy; the mono- and dialkylfluoroanisoles dis- 
tilled within a range of a few degrees during the first distillation of the alkylate, 


In the reaction of 4-fluoroanisole with propylene in the presence of BF, * HyPO, at a molar ratio of 
2:1;0.4, a variation in temperature over the range of 40-80° had no effect on the over-all yield ofmono- and 
diisopropyl fluoroanisoles, which amounted to %5% of theoretical, However, the yield of diisopropylfluoroanisole 
was higher at the lower temperature, Thus, with the indicated ratios of reactants and catalyst, the highest yield 
of 2,6-diisopropyl-4-fluoroanisole, 40% of theoretical, was obtained at a temperature of 40°, Variation in the 
amount of catalyst over the range of 0,1-0.4 mole per mole of propylene produced no sharp changes in the yields 
of alkylation products, Somewhat higher yields of mono- and diisopropy|fluoroanisoles were obtained by the 
interaction of fluoroanisole with propylene in the presence of BFg + HgPO, at a molar ratio of 2:1:0.3 at 60°, 
The mole ratio of reactants had a great effect on the composition of the alkylate, The yield of 2,6-diisopropy1- 
4~-fluoroanisole was lower, the higher the ratio of 4-fluoroantsole to propylene. The highest yield (89%) of 2- 
isopropyl-4-fluoroanisole was obtained at a molar ratio of fluoroanisole to propylene to BF, *HgPO, of 5:1: 0.6. 
The yield of diisopropylfluoroanisole under this condition amounted to only 11% of theoretical, 


Similarly, alkylation of 4-fluoroanisole with 2-butene in the presence of BF, * HgPO, results in a mixture 
of 2-sec-butyl-4-fluoroanisole (II) and 2,6-di-sec-butyl-4-fluoroanisole (IV), The best conditions under which 
(II) and (IV) were obtained in yields of 76 and 20% of theoretical, respectively, are a molar ratio of 4-fluoro- 
anisole to 2-butene to BF, * HgPO, of 4:1: 0.4, a temperature of 60°, anda 2-butene feed rate of 2.3 liters/ hour, 
With an increase in the ratio of 4-fluoroanisole to 2-butene from 2 to 4 moles per mole, the yield of (IM) increased, 
while the yield of (IV) remained practically unchanged. In contrast to the reaction with propylene, in the present 
case a ratio of BFs * H3sPO, to 2-butene of 0,1 mole per mole was ineffective. 


TABLE 1 


Alkylation of 4-Fluoroanisole with Olefins 


Yield, % of theoretical 


Mole ratio | Reactio 

temp 

Olefin to olefin to 
atalyst °C 42° | ] 


catalyst 


Propylene BF,-H,PO, 


SE 


2-Butene BF,-H,PO, 


BF, 
BF,-O(C:H,), 
BF,-H,PO, 
BF, 


BF,-H,PO, 


Cyclohexene 


BF,-O(C,H,), 
BF,-H,PO, 


58,7 
64,7 
25,9 
55,2 
49,7 
45,3 
70,3 
69,4 
75,7 
67,6 
72,4 
72,0 
25,6 
64,9 
62,0 
56,4 
61,2 
63,4 
64,3 
31,3 
71,4 
80,4 
85,8 
81,5 


BES 


* Catalyst from the preceding experiment, R — isopropyl, sec-butyl, 
or cyclohexyl, 


Free boron trifluoride was a very active catalyst for the alkylation of 4-fluoroanisole with 2-butene. 
Thus, the interaction of 4-fluoroanisole with 2-butene in the presence of BF, at a molar ratio of 2:1:0.4, a tem- 
perature of 80°, and a 2-butene feed rate of 1.5 liters per hour gave yields of (IM) and (IV) of 65 and 35% of 
theoretical, respectively, At 30°, the yields of (IM) and (IV) decreased to 50 and 18%, respectively, Boron 
trifluoride etherate was 3 to 4 times less effective as a catalyst for the alkylation of 4~-fluoroanisole with 2-butene, 
Thus, when 4-fluoroanisole was alkylated with 2-butene in the presence of BF, * O(C,Hg), at a molar ratio of 
21:;0.4 and a temperature of 80°, only a single product, 2-sec-butyl-4~-fluoroanisole, was obtained, and the yield 
was 26% of theoretical, During a second use of the BF, + HPO, catalyst in this reaction, the over-all yield of 
products remained the same, but the alkylate composition varied somewhat in the direction of an increased yield 
of (IV) and a decreased yield of (II). 


The alkylation of 4-fluoroanisole with cyclohexene gave a liquid product, 2-cyclohexy]-4-fluoroanisole 


OCH, 

| || 

F 
63,9 
57,7 
61.0 
64.3 
55,3 
63,2 
‘ 62,7 
61.7 
71,7 
73,0 
| 
68.7 
84.6 
10.7 
53,0 
48,5 

Traces 
57,5 
56,9 
BF,-HyPO, 
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(V) and a crystalline product, 2,6-dicyclohexyl-4-fluoroanisole (VI), With BF, * HsPO, catalyst, the over-all 
yield of products varied from 95 to 100%, The relative amounts of (V) and (VI) in the alkylate depended on the 
mole ratio of reactants, the amount of catalyst, and the temperature, but, as in the reaction with propylene and 
2-butene, 2-cyclohexyl-4-fluoroanisole always predominated in the mixture irrespective of the conditions, With 
an increase in the ratio of 4-fluoroanisole to cyclohexene from 2 to 5 moles per mole and with 0,4 mole of 
BFs * HsPO,, the yield of (V) increased regularly from 63 to 86%, and the yield of (VI) decreased from 41 to 16% 
of theoretical, A variation in temperature over the range of 40-80° had almost no effect on either the over-all 
yield or the alkylate composition, At a temperature of 60°, an amount of catalyst from 0,2 to 0.4 mole per 
mole of olefin resulted in an almost quantitative yield of (V) and (VI). The use of 0.1 mole of BFs * HsPO, per 
mole of cyclohexene and per 2 moles of 4-fluoroanisole at 60° resulted in only a slight promotion of the reaction, 
The yields of (V) and (VI) in this case were 26 and 8% of theoretical, respectively, The most favorable condi- 
tions for the formation of (V) were: a molar ratio of 4-fluoroanisole to cyclohexene to BF, + HgPO, of 5:1:0.4, 

a temperature of 60°, and a cyclohexene feed rate of 0,1 mole per hour, Under these conditions, the yield of 
(V) was 85% of theoretical. The highest yield of 2,6-dicyclohexyl-4-fluozoanisole, 35-40%, was obtained at a 
mole ratio of 4-fluoroanisole to cyclohexene to BF, * HgPO, of 2:1:0.4 and a temperature of 60-80°. 


Under analogous conditions, boron trifluoride etherate is about half as active a catalyst as BF; * HsPO,. 


EXPERIMENT AL 


The 4-fluoroanisole used in the present investigation was prepared by diazotization of p-anisidine and 
subsequent decomposition of the p-methoxybenzenediazonium fluoborate [2]. The compound had an m.p, of 
155-156", d®°, 1.044; np 1.4878, The propylene was prepared by dehydration of isopropyl alcohol, and the 
2-butene, cyclohexene, and the catalysts were prepared as described previously [3]. The alkylation was carried 
out as follows: To a round-bottom flask, fitted with a mechanical stirrer, a thermometer, and a gas-inlet tube 
(for alkylations with propylene and 2-butene) or a dropping funnel (for alkylations with cyclohexene), was intro- 
duced a weighed amount of anhydrous orthophosphoric acid, and the acid was then saturated with boron tri- 
fluoride to a weight corresponding to a 15-20% excess over that required by the formula BF,HsPO,. The re- 
quired amount of p~fluoroanisole was then added, and the reaction mixture — a transparent, almost colorless 
liquid (4-fluoroanisole is readily miscible with the catalyst) — was heated to the desired temperature, and the 
olefin was introduced with vigorous stirring . In the reaction with cyclohexene, the reaction mixture rapidly 
became colored , and turned dark brown toward the end of the reaction, After the introduction of the proper 
amount of olefin, the mixture was stirred for 2 hours at the temperature of the experiment, and was then allowed 
to stand for 12 hours, It was then stirred with benzene and treated with water, then with a 5% solution of soda, 
again with water, dried over calcium chloride, and distilled. After the removal of the benzene and the unre- 
acted starting materials, the mono- and dialkyl fluoroanisoles usually distilled within a narrow temperature in- 
terval, No other products remained in the distillation flask, In the case of the cyclohexyl derivatives, only the 
monocyclohexy]fluoroanisole was distilled from the reaction mixture, and the dicyclohexylfluoroanisole remained 
in the distillation flask, The latter rapidly crystallized at room temperature in the form of colorless or light 
yellow needles, In each experiment, 0.1 mole of olefin and the corresponding amounts of 4-fluoroanisole and 
catalyst were used, The most characteristic experiments are summarized in Table 1, 


TABLE 2 


Expt. Compound 


2-Isopropy] -4-fluoroanisole 

-sec Butyl -4- 

2-Cyclohexyl-4-fluoroanisole 
2,6,-Dicyclohexyl-4-fluoroanisole 15 — 1.0044 
2«Isopropyl-4-fluorophenol 
2-Cyclohexyi-4-fluorophenol = 


1, 4880 
1, 4865 
1,4870 
1V 1, 4830 
Vv 1.5142 
Vi 
Vil 1, 5048 
Vill | 
IX 1.600 
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The alkylation products were purified by a second distillation (the dicyclohexylfluoroanisole was purified 
by recrystallization from ethyl alcohol), The monofluoroanisoles were demethylated to the corresponding 2- 
alkyl-4-fluorophenols, In Table 2 are presented the physicochemical constants of the mono- and dialkylfluoro- 
anisoles and also of the 2-alkyl-4-fluorophenols prepared by demethylation of the corresponding monoalkylfluoro- 
anisoles, 


The absence of side reactions, the high yields of products, and the ease with which the products are isolated 
as pure compounds leads us to recommend alkylation of 4-fluoroanisole with olefins in the presence of BF, - 
+ HsPO, as a satisfactory method for the preparation of 2-alkyl- and 2,6-dialkyl-4~-fluoroanisoles, 
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THE SYNTHESIS OF 1-METHYL-1,2-DICYCLOPROPYLCYCLOPROPANE 
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Numerous hydrocarbons with one cyclopropyl group are described in the literature, but only five hydro- 
carbons with two cyclopropyl groups have been described [1], and there is no mention of even a single hydro- 
carbon with three or more cyclopropyl groups in the molecule, This may be explained by the difficulties in 
synthesizing such a compound, for example, 1-methyl-1,2-dicyclopropylcyclopropane, by known routes, The 
most studied route for the synthesis of cyclopropane hydrocarbons may be represented by the scheme :a, 6 -un- 
saturated ketone + pyrazoline + hydrocarbon, This route is unsuitable for the synthesis of hydrocarbons with a 


series of three cyclopropyl groups owing to the difficulty of preparing, and the instability of the corresponding 
unsaturated ketone — 1,3-dicyclopropyl-2- buten-1-one [2]. 


For this reason, we selected a different route for the synthesis of this hydrocarbon; this route may be des- 
cribed as follows: 


CH, 


» 


| 
—C--O4 NULNH,» | SCHO=N—N= G—cn% (COOH), 


NCU 


cH, cH, 


\ | 230°C H,C7% 
CH ci, 


The original methyl cyclopropylketone was prepared by our previously described method [3], and scaling up the 
experiment to prepare larger amounts did not result in a decrease in the yield of methyl cyclopropyl ketone, 
Starting with the methyl cyclopropyl ketone, we first synthesized the corresponding ketazine in 93% yield, The 
methyl cyclopropyl ketone azine remained practically unchanged when heated to boiling with KOH, CHCl,, and 
KHSO,. It might be assumed that the use of oxalic acid as a catalyst for the isomerization of methyl cyclopropyl 


ketone azine would cause opening of the cyclopropane ring, as occurs during the action of acids on cyclopropyl- 
carbinols [4]. 


However, it was found that isomerization of methyl cyclopropyl ketone azine to the pyrazoline under the 
influence of an equimolar amount of oxalic acid at 100° proceeds without opening of the trimethylene ring, as 
was confirmed by the absence of characteristic frequencies in the 1600-1640 cm™ region of the Raman spectrum 
of the final hydrocarbon, When an insufficient amount of oxalic acid was used, an amount of ketazine correspond - 
ing to the insufficiency was recovered unchanged from the reaction mixture, When the ketazine was allowed 
to stand in contact with oxalic acid for two days without heating and with subsequent treatment of the reaction 


HC 
HC 
H,C7 | 
NHN 
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mixture with a solution of a base, the ketazine almost completely decomposed to the original methyl cyclopropy! 
ketone, The addition of methyl cyclopropyl ketone at the beginning of the reaction did not decrease the decompo- 
sition of the ketazine, but it did improve conditions for contacting the ketazine with the acid, 


The formation of polymeric products increased with an increase in the time of heating of the mixture of 
ketazine and acid, On the other hand, a decrease in heating time led to a decrease in the yield of pyrazoline, 


Apparently, there exists for each ketazine an optimum heating time for isomerization, This time is 1,5-2 
hours for methyl cyclopropyl! ketone azine, If stirring is efficient, there is no need for an excess of oxalic acid, 
The synthesis conditions selected led to a 52% yield of 1-methyl-1,2-dicyclopropylcyclopropane, From a con- 


sideration of the features of the Raman spectrum of this hydrocarbon,it was concluded that it exists in cis- and 
trans-forms, 


EXPERIMENTAL 


The acetopropy! chloride was obtained from 1111 g of acetopropyl alcohol and 2200 ml of hydrochloric 


acid saturated with hydrogen chloride (from 1350 ml of HC] and 1050 ml of H,SO,); 994 g were obtained for a 
yield of 76% 


The methy! cyclopropyl ketone was obtained from 2040 g of acetopropyl chloride and 1880 g of granulated 
chemically pure KOH; 1337 g were obtained for a yield of 93.8% (3). 


Methyl Cyclopropyl Ketone Azine 


CH, CH, CH, 
H,C 


| 
| CHC=N—N=C—CH 
H,C7 Ncu, 


To 420 g of methyl cyclopropyl ketone was added, with stirring, 125 g of hydrazine hydrate in 135 ml of 
ethyl alcohol, The mixture was then stirred and heated for 10 hours on a boiling water bath, The upper layer and 
the ether extracts of the lower layer were dried with potassium hydroxide, Distillation yielded 6,3 g of methyl 
cyclopropyl ketone, 16.5 g of methyl cyclopropyl ketone hydrazone, and 381 g (93%) of methyl cyclopropyl] ke- 
tone azine with a b.p, of 137° (44 mm); n™p 1.5140; d™, 0.9456; MR found 52,29; calculated 52.58, 


Found %: C 73,06; 73.19; H 9.83; 9.8% CypHygN2. Calculated %: C 73,12; H 9.81, 


5-Methyl-3,5-Dicyclopropylpyrazoline 


A mixture of 82 g of methyl cyclopropyl ketone azine and 42 g of methyl cyclopropyl ketone was added with 
stirring, to 45 g of dry oxalic acid, The contents of the flask were stirred and heated for 1.5 hours on a boiling 
water bath, and were then cooled with ice water, Next, a solution of base (100 g of KOH in 150 ml of water) was 
added to the flask, and the contents were extracted five times with ether, The ether extracts (750 ml) were dried 
with potassium hydroxide, After distillation of the ether, 66 g of methyl cyclopropyl ketone and 38 g (46.3%)of 
pytazoline were isolated; the pyrazoline had a b.p, of 136° (37 mm); n”°D 1.5120; d°, 0.9603; MR found 51,32; 
calculated 51,77, An elemental analysis was not performed on the compound, since even at room temperature 
there was appreciable evolution of nitrogen from it. 


1-Methyl-1,2-Dicyclopropylcyclopropane 


CH 
H,c.* 
CH CH, 
H,C7 | 
NH——N 
| 
CH... 
polly 
134 


A total of 125 g of 5-methyl-3,5-dicyclopropylpyrazoline was slowly distilled to 230° over 9 g of granulated 
potassium hydroxide in a glass flask, Potassium hydroxide was added as required in 3g portions. After the prod~ 
uct had been dried with potassium hydroxide, it was distilled under reduced pressure, The hydrocarbon fraction 
was washed three times with 50% acetic acid (20 ml portions), neutralized with soda, and dried over potassium 
hydroxide, The fraction was distilled five times under reduced pressure, and 25 g (52% calculated on the pyraz- 
oline reacted) of 1-methyl-1,2-dicyclopropylcyclopropane was obtained; b.p. 80° (49 mm), 158° (753 mm); 

1, 4574; 0.8504; MR found 43,66; calculated 44,11 [5]. 


Found %: C 88,19; 88,12; H 11.68; 11.69, CyHyg. Calculated % C 88,16; H 11.84, 
Raman spectrum of 1-methyl-1,2-dicyclopropylcyclopropane *; Av, cm7!; 262 (1), 319 (3b), 374 (1), 
435 (2b), 464 (1), 521 (0), 555 (0), 588 (0), 641 (5b), 657 (3b), 743 (5b), 783 (1), 822 (5b), 858 (4b), 890 (5b), 


911 (8b), 952 (4), 968 (1b), 1020 (1b), 1047 (2b), 1113 (2b), 1152 (1), 1175 (3b), 1196 (10), 1212 (8), 1242 (1), 
1289 (2b), 1326 (1), 1384 (3b), 1405 (4b), 1432 (4), 1458 (5), 1487 (6), 2870 (1), 2914 (0b), 3000 (10), 3052 (5). 


LITERATURE CITED 
[1] A. P. Meshcheryakoy and V. G. Glukhovtsev, Izvest. Akad, Nauk SSSR, Otdel. Khim, Nauk, 780 (1958)? ° 
[2] S.C. Bunce, J, Am. Chem, Soc, 77, 6616 (1955), 
[3] A. P. Meshcheryakov and V. G. Glukhovtsev, Izvest, Akad, Nauk SSSR,Otdel. Khim. Nauk, 1490 (1959)?* 
[4] T. A. Favorskaya and N, V. Shcherbinskaya, Zhur. Obshchei Khim, 23 , 1485 (1953).°* 
(5] A.J. Vogel, W. T. Gresswell, G. H. Jeffery,and J, Leicester, J. Chem, Soc., 514 (1952), 


*The spectrum was taken by Yu, P, Egorov, to whom the authors express their appreciation, 
** Original Russian pagination. See C.B. Translation. 


= 


THE ACTION OF DIBORANE ON ESTERS OF DIARYLBORINIC 
AND ARYLBORONIC ACIDS 


B. M. Mikhailov and V. A. Dorokhov 
N. D, Zelinskii Institute of Organic Chemistry, Academy of Sciences,USSR 
(Presented by Academician B, A. Kazanskii, September 30, 1959) 


(Translated from: Doklady Akademii Nauk SSSR, Vol, 130, No.4, 
pp. 782-785, 1960) 


Original article submitted September 26, 1959, 


The reaction between diborane and organoboron compounds has been studied only a little. Schlesinger and 
co-workers [1,2] found that trialkylborons (trimethyl-, triethyl-, and tri-n-propylborons) react with diborane with 
the formation of mono-, di-, tri-, and tetraalkyldiboranes, Wiberg, Evans, and Hoth [3] established that tri- 
phenylboron can also react with diborane, but more vigorous conditions are required (40-100°, 2-4 atm ), and 
1,2-diphenyldiborane is obtained, These authors obtained this same compound by reduction of phenylboron di- 
chloride with lithium aluminum hydride [3]. 


We investigated the reaction between diborane and butyl esters of diarylborinic and arylboronic acids in 
an ether medium at room temperature, Esters of diarylborinic acids react with diborane under these conditions 
with the formation of 1,2-diaryldiboranes according to the following equation: 

(1) 
-+ 2Ballg 3 (Ar 4+- B (OCI 
Ar = Cel a-Cyol I;. 


1,2-diphenyldiborane, 1,2-di-p-chlorophenyldiborane, and 1,2-di- a-naphthyldiborane were prepared by this 
route in yields of 75-81% calculated on Eq. (1). It is very probable that in ether medium the diborane does not 
react as such, but reacts in the form of a borane complex with ether: BHg * O(C3Hs)g. The ability of diborane 

to form borane etherates with ethers has been reported by various authors [4, 5, 6]. That diborane enters more 
readily into certain reactions, with olefinic hydrocarbons for example, in an ether medium than in the absence 
of ether supports the above assumption, The first stage of the reaction between esters of diarylborinic acids and 
boron etherate is replacement of the alkoxy group by hydrogen and the formation of a diarylborane and an alkoxy- 
borane; 


+- BHg-O(CaH5)2 —» ArgBH | O (2) 


Another variant of the first stage of the reaction which one might expect a priori, replacement of an ary] 
group of the ester by hydrogen with the formation of an arylalkoxy borane as an intermediate compound, 


H 
ArgBOCHy+ BH ArB -|- ArBI I, + O (CaHs5)2- 


| 


may be excluded on the basis that, as pointed out below, the reaction of diborane with esters of arylboronic 


acids, in which arylalkoxyboranes are formed in the first stage, leads to the formation of 1,2-diaryldiboranes 
in considerably lower yields, 


In the second stage of the process, the diarylborane formed in the first stage in turn reacts with the boron 
etherate forming an arylborane which dimerizes to the 1,2-diaryldiborane 


ArgBH + BHg-O + (4) 


The butoxyborane formed by the reaction of Eq, (2) is almost completely converted to tributy! borate. 
From the amount of hydrogen obtained during hydrolysis of the mother liquor remaining afterseparation of the 
1,2-diaryldiborane (taking into account the 1,2-diaryldiborane remaining dissolved in it), it can be estimated 
that only 5-10 % of the butoxyboranes (C4HgOBHg or (CgHgO),BH) remains unconverted to the orthoborate. It is 
most probable that the butoxyborane is converted to orthoborate by disproportionation, and that the equilibrium 
which is established between dibutoxyborane and butyl borate is shifted considerably to the right: 


2 BH + BaHg, 
6 BH 22 4 (CqHy0)3 B 4+ 


Data from a study of the action of methanol on diborane [7] support this proposal; these data show that the re~- 
action proceeds with the formation of liquid dimethoxyborane, which is rapidly converted to methyl borate at 


0°, However, one cannot exclude the possibility that part of the butoxyborane reacts with the original diaryl- 
borinate according to the equations: 


AreBOCgHy, 4- CyHgOBHe = AryBH (C,H gO). BH, 
Hy BH = BH (CgH9O)3B. 


1,2-Diaryldiboranes are also obtained by the action of diborane on esters of arylboronic acids, with how~- 
ever, the essential difference that in the present case their yields amounted to only about 50% (calculated on 


the basis of Eq. (6)), and even when an excess of diborane is used, 20-25% of the original ester invariably fails 
to react, 


6ArB 4 (CyHs)2 = 3 (ArBHg), 4B (OR)s + 40 (C2Hs)o. (6) 


The first stage of the process, Eq. (7), is apparently a reversible reaction 


ArB (OR), 4- 4+- ROBH, + O (CgHs5)2- - 
( 


and the resulting aryialkoxyborane (I) is converted to the arylborane not by a further irreversible reaction with 
borane, 


Oll 


OR 


but by disproportionation, Eq. (9), which is also a reversible process 
H 


2ArB = + ArB (OR)s. 
OR 


= 
138 


It is not possible to shift the equilibrium to the right [7], since the diborane is only very slightly soluble in 
diethyl ether, and its concentration in the reaction medium is constant and very low, 


Pyridine complexes of arylboranes [8a] and diarylboranes [8b] have been synthesized by Hawthorne by re- 
duction of esters of arylboronic and diarylborinic acids with lithium aluminum hydride in ether solution in the 
presence of pyridine, Triphenylboron is formed by reduction of phenylboron dichloride with lithium aluminum 
hydride in boiling dioxane [9]. 


EXPERIMENTAL 


All operations were carried out in an atmosphere of dry nitrogen, The diborane was prepared in 80-85% 
yield by the method of Shapiro et al, [10], according to which an 0,8 molar ether solution of lithium aluminum 
hydride is added dropwise to a 2,5 molar ether solution of boron trifluoride etherate, 


The Action of Diborane on Esters of Diarylborinic Acids 


From 0,047 to 0,071 mole of butyl diarylborinate was dissolved in 20-25 ml of dry ether, and diborane, 
obtained from 0,125-0,188 mole of lithium aluminum hydride and 0,125-0.188 mole of boron trifluoride etherate, 
was passed into the solution over a period of 1,5-2 hours, The resulting crystalline precipitate was filtered from 
the solution and washed with dry ether, The yields, melting points, and analyses of the diaryldiboranes prepared 
are presented in Table 1, 


TABLE 1 


Amt.of Yield of Calculated 


Ar,BOR | °C 
: in ‘moles Ar, % 


0.071 71 81-83* 
| 0.056 719 115-117 


| 0,047 81 117-119 


*Lit. m.p. 82-85° [3]. 


These 1,2-diaryldiboranes are colorless crystalline substances, 1,2-Diphenyldiborane is readily soluble in 
benzene and somewhat less soluble in ether, 1,2-Di-p-chlorophenyldiborane and 1,2-di-a-naphthyldiborane 
are soluble in benzene and very sparingly soluble in ether and isopentane, 


The Action of Diborane on Esters of Arylboronic Acids 


1. The interaction of diborane and di-n-butyl- phenylboronate, Diborane was passed over the course of 
three to four hours into a solution of 24,1 g (0.103 mole) of di-n-butyl phenylboronate in 25 ml of dry diethyl 
ether; the diborane was prepared from 0.25 mole of lithium aluminum hydride and 0,25 mole of boron trifluoride 
etherate, The solvent was distilled under reduced pressure, and the resulting precipitate was filtered from the 
solution, washed with a small amount of dry ether, and cooled to—50°, This gave 3.8 g of 1,2-diphenyldiborane 
with an m.p. of 80-83°, The yield was 40% of theoretical, The filtrate was subjected to fractional distillation, 
The following fractions were collected: 1) 35-70° at 2 mm, 1.3 g; 2) 70-89° at 2 mm, 7.9 g; 3) 89-108° at 2 mm, 
4.8 g; and a crystalline residue, 2g. The second fraction, tri-n-butyl borate, was redistilled, and the product had 
a b.p. of 71-72 at 2mm; d”, 0.8551 np 1.4102, The third fraction, di-n-butyl phenylboronate, was redistill- 
ed to yield a product boiling at 92-97° at 2 mm with nD 1.4748. The crystalline residue was dissolved in ether, 
and ammonia was passed into the solution, This yielded 1.2 g of triphenylboron ammoniate with an m.p. of 
226 -230° (with decomposition), 


2. The interaction of diborane and diisobutyl p-chlorophenylboronate, Diborane, obtained from 0.18 mole 
of lithium aluminum hydride and 0.18 mole of boron trifluoride etherate, was passed into an ether solution of 
19.6 g (0.072 mole) of diisobutyl p-chlorophenylboronate, A total of 4.5 g (50%pf 1,2-di-p-chlorophenyldiborane 


mol, 
8.39] 86.02] 255,5 | 8.62 | 89.62 | 248.8 : 

7.40] 86.66] 299.3 | 7.73 | 90.82 | 280.0 
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with an m.p. of 115-117° was obtained, The following fractions were collected during fractional distillation of 
the filtrate; 1) 50-65° at 2.5 mm, 6.2 g; 2) 110-120 at 2mm, 4.4g. The first fraction, triisobuty] borate, was 
redistilled to yield a product with a b.p. of 59-60° at 2.5 mm; np 1.4041. The second fraction, diisobuty] 
p-chlorophenylboronate, was also redistilled to yield a product with a b.p. of 110-112° at 2 mm. 


Hydrolysis of 1,2-di-p-chlorophenyldiborane: A solution of 1.4 g of di-p-chlorophenyldiboranein 50 ml of 
benzene was extracted with water until the liberation of hydrogen was complete. The benzene layer was separated, 


the benzene was distilled, and the residue was washed with hexane, A total of 1.3 g of p-chlorophenylboronic 
acid with an m.p. of 270-275° was obtained. 


Found % :B 7,21. CgHgO,CB. Calculated %: B 6.92, 


3. The interaction of diborane and diisobutyl a-naphthylboronate, Diborane, obtained from 0.17 mole of 
lithium aluminum hydride and 0,17 mole of boron trifluoride etherate, was passed into an ether solution of 14.9 g 
(0,052 mole) of diisobutyl] a-naphthylboronate, A total of 4,0 g (55%) of 1,2-di-a-naphthyldiborane with an m.p. 
of 117 - 119° (with decomposition) was obtained, Pyridine and, subsequently, isopentane were added to a ben- 
zene solution of 1,2-di-a-naphthyldiborane, The resulting pyridine —1,2-a-naphthyldiborane complex was 
recrystallized from a mixture of benzene and hexane; the recrystallized product had an m.p. of 140,5-141.5 
Reference [8b] gives 140-141° for the m., p. 


The following fractions were collected during fractional distillation of the filtrate; 1) 50-68° at 3 mm, 
4.6 g; 2) 140-150° at 2.5 mm, 3.0 g. The first fraction, triisobutyl borate, was redistilled to yield a product 
with a bp, of 64-65° at 3 mm; n”°D 1.4049, The second fraction, diisobutyl «-naphthylboronate, was redistilled 
to yield a fraction witha b.p. of 142-147° at 2.5 mm; n™®p 1.5225. 


Hydrolysis of 1,2-di-a-naphthyldiborane: A solution of 1.5 g of the di-a-naphthyldiborane in 40 ml of 
benzene was extracted with water until the liberation of hydrogen was complete. The benzene layer was separated, 


the benzene was distilled, and the residue was washed with isopentane, A total of 1.25 g of a-naphthylboronic 
acid with an m.p, of 185-190° was obtained. 


Found% 6.06 CoH gO,B. Calculated %: B 6.29. 
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The color of solutions of iodine in water and in organic solvents has been the subject of numerous investiga - 
tions. The study of the electron absorption spectra of these solutions, whichare very sensitive to changes in the 
chemical nature of the solvent, has made it possible to answer the question of the state of the I, molecule in the 
condensed phase, 


Recently, aqueous solutions of J, having a blue color have been the subject of intense investigation, This 
color, which is responsible for the presence of a band at 580-650 my in the electron absorption spectrum of 
iodine, is usually observed when organic high-polymer compounds are introduced into an aqueous solution of 
I,. The work of Hanes [1], Freudenberg [2], and Cramer [3] suggests that the carriers of the blue color in such 
solutions are inclusion compounds formed by the interaction of I, molecules with high-polymer molecules, 


The increased interest in blue iodine solutions is due not only to the fact that investigation of such solutions 
make possible advances in the chemistry of inclusion-type compounds, but also to the fact that the bacteriotoxic 
properties of iodine are not only retained in the presence of high-polymer compounds, but are frequently improved 
over the bacteriotoxic properties of iodine in solutions in which no inclusion compounds are formed. This cir- 
cumstance and also that fodine—high-polymer compounds are essentially nontoxic suggests the possibility of their 
external, peroral, and parenteral use as antiseptic preparations [4]. 


In certain cases, I, solutions have a blue color in the absence of organic high polymers, In particular, so- 
lutions of I, in oleum have such a color, Symons [5] proposed that the blue color of I, solutions in oleum is due 
to I+ cations, According to Symons, solution of iodine in oleum consists essentially of oxidation of 1, to Ir: 


Iz SOs 21+ + SOz +- 11,0. 


If one considers that the electron spectra of solutions of I, in oleum correspond to the absorption spectra of 
aqueous solutions of I, in the presence of organic high polymers, then the interpretation of Symons of the blue 
color of solutions of I, in oleum can be extended to aqueous solutions of iodine, Thus, in addition to the pro- 
posal of Freudenberg and Cramer that the carriers of the blue color of the solutions are inclusion compounds, 
there arises a second interpretation of the color of these solutions: the carrier of the blue color is the I+ cation, 


The aim of the present work was to verify the correctness of the latter proposition, If, as proposed by 
Symons, oxidation of elemental iodine to I* takes place during solution of I, in oleum, and the blue color is 
due to this cation, there must be three consequences: first, evolution of SO, during solution of elemental 
fodine in oleum; second, a decrease in the concentration of free SO, in the oleum after solution of given 
amount of iodine; third, no change in the absorption spectrum of a solution of iodine in oleum when the SO, 
concentration is varied while the iodine concentration remains constant. 


| 


Fig. 1. Absorption spectra of solutions of iodine in 96% H,SO, 
and in oleum,. Iodine concentration 0.0005 mole/ liter. 1) 96% 
H,SO4. Oleum concentration; 2) 7% free SO3, 3) 18% free SOs, 
4) 26% free SOs, 5) 50% free SO,; D optical density of the 
solution, 


Indeed, if I+ cations absorb light with a wavelength of A= 580-650 my and if the concentration of these 
cations in the solution is maintained constant, then the optical density of the solution should remain practically 
constant when the concentration of free SO, is varied, A change in the concentration of SO; in the oleum can 
lead only to a change in the weight of iodine free to dissolve in the given amount of oleum, 


Our experiments, which were carried out with the aim of studying the mechanism of the solution of iodine 
in oleum containing from 5 to 50% free SOs, showed that solution of I, in oleum is not accompanied by a change 
in the concentration of free SOs. When iodine was dissolved in oleum, evolution of gaseous products, including 
sulfur dioxide, was not detected, This refutes the proposal of Symons that the solution of I, in oleum is a process 
in which iodine is oxidized, Our investigation of the absorption spectra of solutions of I, in oleum was carried out 
with an SF-11 spectrophotometer, The iodine used in the preparation of the solutions was prepared from the com- 
mercial product by two-fold sublimation, The oleum containing 50% free SO, was prepared by dissolving triply 
distilled SO, in chemically pure 96% H,SO4. Oleum with a lower SOs content was prepared by dilution with con- 
centrated sulfuric acid, The concentration of iodine in the solutions was constant at 0.0005 mole/ liter, while 
the concentration of free SO, was varied from 5 to 50%, 


The absorption curves of these solutions which were obtained with a cell thickness of 1 cm, are presented 
in Fig. 1. 


As may be seen from Fig, 1, the absorption band with a maximum at 645 my appears in the spectra of 
iodine solutions in oleum only when the SO, concentration exceeds 7, With a constant concentration of iodine, 
the intensity of this band sharply increases with an increase in SO, concentration, The above material provides 
a basis for the following conclusion; the solution of iodine in oleum is not an oxidation-reduction process during 
which I* ions could be formed, During solution of iodine in oleum, the iodine is dispersed throughout the solution 
as I, molecules, Contrary to the proposal of Symons, the blue color of these solutions is not due to I+ ions but 


to I, molecules in a state approaching that in which they occur in the presence of organic high polymers in aqueous 
solutions, 


The sharp increase in the viscosity of oleum with an increase in the SO, content, the process of solution of 
solid SO, in concentrated sulfuric acid which is reminiscent of the dissolving of gelatin in water, and the accom= 
panying swelling of the sulfur trioxide all suggest that high polymer molecules of polysulfuric acid are formed in 


the oleum, It is very probable that iodine dissolved in oleum forms inclusion compounds with these molecules 
similar to the compounds formed with organic high polymers, 


With an increase in the SO, concentration, the high polymer concentration also increases, and the number 
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of molecules involved in the formation of inclusion-type compounds increases. Hence, there is a sharp increase 
in the optical density of the solution at A = 645 mp, and there is a simultaneous decrease in optical density at 
X = 460-500 mp, which is most probably due to a diminution of the number of I, molecules not tied up in inclu- 
sion compounds, It should be noted that the picture is the same in the case of spectra of aqueous solutions of 
iodine when the concentration of organic high polymer is increased, 


If one assumes, like Cramer (3], that in inclusion compounds formed by iodine with high polymers the elec- 
tron cloud of the I, molecule is highly diffuse and coupled to the high-polymer molecule, then it would be ex- 
pected that the iodine—high-polymer molecules would be I* cation donors. 


We verified the correctness of this assumption by observing the changes occurring during electrolysis of I, 
solutions in oleum, The experiments were carried out in a glass apparatus similar in construction to those used 
for the determination of transference numbers by the Hitt6rf method [6], Measurement of the fodine concentra - 
tion in the anode and cathode compartments was accomplished by determining the optical density of samples 
taken from the apparatus; the optical density was measured at A = 645 mp. 


In all of the experiments, there was a decrease in the iodine concentration at the anode and an increase 
in the I, concentration at the cathode, This migration of iodine into the cathode compartment can be explained 
only by the transfer of If cations removed from the inclusion compounds. 
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At the present time, the possibility of the commercial use of radiation-induced cracking depends primarily 
on the following factors; a) the possibility of initiating by radiation a chain reaction of sufficient length; b) 
the possibility of obtaining in good yields mixtures of products which are of special interest and which are read- 
ily separated (particularly, unsaturated hydrocarbons), 


A solution of this problem is possible through the development of radiation—thermal cracking (rtc_),i.e., 
radiation induced thermal cracking during which radiation creates centers which initiate the reaction while the 
elevated temperature reduces the activation barrier, thereby promoting development of the chain, 


In our previous work [1,2] and in the work of other authors [3] it has been shown that the over-all yield of 
products from the radiolysis of hydrocarbons at room temperature is of the order of ten molecules per 100 ev, 
which is one indication of the absence of a chain reaction under these conditions, The reaction is chiefly one 
of dehydrogenation (by various mechanisms) of the original hydrocarbon molecule, since the gaseous products 
from the radiolysis of heptane proved to be about 80% hydrogen, Although, as is well known, hydrogen itself is 
a very valuable product for various chemical processes, nevertheless, at yields not exceeding five molecules per 
100 ev, the industrial production of hydrogen by this route can hardly be considered expedient. In the remain- 
ing 20% of the radiolysis products there were both saturated and unsaturated hydrocarbon "fragments "; moreover, 
while the accumulation of hydrogen was linear over a very considerable range of integral dosages, nonlinearity 
of the rupture of C —C bonds began at comparatively low doses, and the deviation from linearity was greater for 
unsaturated than for saturated hydrocarbons, resulting in a rapid decrease in the percent unsaturates in the gas, 
The amount of liquid unsaturated compounds was approximately half the total amount of hydrogen formed (in 
the linear region), These unsaturated compounds were chiefly trans- and a-olefins formed by dehydrogenation 


of the original molecules, The amount of diene compounds was about two orders of magnitude less than that 
of the liquid monoolefins, 


In order to determine whether it is possible for radiation cracking to proceed by a chain process, it was 
necessary to go to higher temperatures and, consequently , to carry out the experiments in the vapor phase, In 

our previous work [1,2] on the radiation of n-heptane with radiation from Co”, the dose rate was 4+ 10% ev/sec/ 
ml, Owing to the substantial difference in densities, the maximum attainable dose rate during radiation of alkane 
vapors is two to three orders of magnitude less than that during radiation of the liquid, In order to shorten the 
duration of the experiments on the radiolysis of alkanes at significant dosages, a stream of 900- kev electrons 


was used; these were obtained from an accelerator consisting of a vertical staged linear acceleration tube and a , 
cascade tube —condenser voltage amplifier [4]. 
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Fig. 1. Kinetics of the accumulation of 
products from the radiolysis of n-heptane 
at 200°. 1) Hydrogen; 2) liquid olefins; 

3) methane, 
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Fig. 2, Dependence of the yield of Cy-Cs 
hydrocarbons (1) and of methane (2) on 
radiolysis temperature; 3) dependence of 
percent of unsaturated hydrocarbons in the 
Cz-Cs fraction on radiolysis temperature, 
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Fig. 3. Dependence of the yield of 
liquid olefins on radiolysis temperature, 


The alkane samples were radiated in molybdenum -glass 
spheres with a wall thickness of ~ 1 mm and a volume of ~15 
ml, The usual amount of liquid heptane used in a radiation was 
0.25 ml; the pressure in the spheres due to vaporization was 
2.5T/ 273 atm, The vertical electron beam fell on the top of the 
sphere which was located in a furnace, In order to prevent 
localized heating of the wall and in order to create more uni- 
form radiation conditions, the sphere was rotated at a rate of 
2rpm, The temperature was measured by means of a thermo- 
couple lying against the outside wall of the sphere. Observa- 
tions of the course of the reaction were made from a distance 
by means of a television apparatus, The true dose rate in the 
volume irradiated was determined by a chemical dosimetry 
method based onthe determination of the decrease in acetylene 
pressure resulting from radiation induced polymerization [5]. 
When the initial number of acetylene molecules present was 
1.4 + 10% per cc, the acetylene dosimeter gave, at room tem- 
perature, a dose rate per cc of reaction cell volume of 2.7 + 
- 105, Taking into account the difference in the electron 
cross section of n-heptane and that ofacetylene, the number 
of molecules of n-heptane in our experiments, and the differ- 
ence in the strength cf ie beam during the acetylene dosimeter 
measurements and tiat during the radiation of n-heptane we 
obtain a dose rate of 2 +10" ev/sec, calculated per ml of Hq- 
quid n-heptane. 


It was found that the formation of hydrogen, methane , 
and unsaturated compounds deviates from linearity only at the 
higher intesral dosages (Fig. 1). A blank experiment carried 
out at 350’ without exciting radiation showed that less than 1/3 
of the products in the Cy-Cs fraction is formed by purely ther- 
mal reaction, In the case of rtc, the content of unsaturates in 
this fraction increased to 56% as compared to 30% in the case of 
purely thermal reaction, 


A comparison of the data obtained with 900 kev electrons 
with those obtained when rte was carried out Co” 
gamma radiation failed to reveal any appreciable difference, 


Figure 2 shows the dependence of the radiation yields of 
methane and Cy —Cs hydrocarbons on the temperature at which 
the rtc was carried out. As may be seen by an examination of 
Fig, 2, the comparatively slow increase in the yield of the 
C;-Cs fraction changes to an extremely sharp increase at a tem- 
perature of about 300°, The yield of methane shows a similar 
temperature dependence, In addition, the percent unsaturated 
hydrocarbons in the C,;-Cs fraction increases, reaching 62% 
at 400°, 


The rte of n-heptane proceeds at temperatures which 
are considerably lower than those required for purely thermal 
cracking which proceeds with an appreciable rate at tempera- 
tures of about 500°, The yield of liquid unsaturated compounds, 
as determined from the bromine number ofthe liquid after sep- 
aration of the gaseous fractions, increased from two molecules 
per 100 ev at room temperature to 340 at 450° (Fig. 3). These 
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facts, together with the constancy of the rate of rtc ,suggests that 
the latter proceeds by a direct , nonbranching chain mechanism, 
which is in conformity with the generally accepted concepts of 
the mechanism of thermal cracking. 


Figure 4 shows the dependence of the logarithm of the yield 
of products on the reciprocal of the absolute temperature at which 
the radiolysis was carried out, From the break in the curve, it is 
apparent that beginning at a temperature of about 230°, the form- 
ation of methane and other hydrocarbon gases takes place chiefly 
by a different mechanism than at the lower temperatures, More- 
Fig. 4. Dependence of the logarithm over, while at the lower temperatures the temperature dependence 
of the yield of methane (1) of hydro- of the methane yield (and, similarly, of the yield of C,-C, hydro- 
gen (2), and of Cz-Cg hydrocarbons (3) carbons) corresponds to an activation energy of < 1 kcal/mole,at 
on the reciprocal of the radiolysis tem- the higher temperatures the activation energy is about 18 keal/ 
perature, mole, which is in satisfactory agreement with the known values of 

the activation energy for chain propagation during thermal crack- 

ing [6]. Obviously, the latter value must determine the effective 
activation energy of rtc , since chain initiation in rtc is basically by radiation, and the step requiring the most 
energy is chain propagation, 


5 20 25 JO Js 


From the material presented above,it follows that at a temperature of 400°, the over-all yield of low-mol- 
ecular-weight hydrocarbon products is about 2000 molecules per 100 ev, i.e., an increase of ~10° times as 
compared to the yield of these same products by radiolysis of heptane vapors at a temperature of 20°, 


The behavior of rte at thermal cracking temperatures, which we are investigating at the present time, is 
of considerable interest, 


A similar increase in the yields was noted during an investigation of the effect of gamma irradiation and 
of reactor radiation on the thermal cracking of n-hexadiene and petroleum fractions [7]. These yields, together 
with the simultaneous increase in the percentage content of unsaturated products, are of direct practical interest, 


Thus, a combination of the action of radiation and temperature can produce both commercially acceptable 
yields and a product composition which is of practical interest. 


Preliminary experiments carried out by the present authors on the rte of naphthenic hydrocarbons and 
petroleum also have shown very promising results similar to those presented above. We have developed and are 
now testing a continuous flow apparatus for carrying out rtc of hydrocarbon vapors and of low-molecular weight 
hydrocarbon gases. 
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In a previous communication a description was given of a singular star of the reciprocal system of 16 salts 
Li, Na, RB, Tl \| Br, Cl, NOg, SO, [1], determining the direction of exchange reactions, From the index table of 
the vertices, we determined the position of the most stable base tetrahedron 1/2 LiSOg-NaCI-RbNO,-TIBr, in the 


center of the cube orienting the star, and its vertices represented salts formed from four differentcations and four 
different anions, 


An experimental investigation of melting points made it possible to determine the configuration of the 
main crystallization volumes in the tetrahedron, The edges of the tetrahedron are the most stable diagonals of 
six ternary reciprocal systems A,B Il x, y. However, only four of the diagonals are completely stable; T1IBr — 
TIBr 1/2 Li,SOg and NaCF1/2 Li,SO,; the stability of the diagonal TIBr-NaC] was less 
certain as the solid solutions T(Br, Cl) and Na(Br, Cl) were observed in the system Na, Tl | Br, Cl. For lithium 
and rubidium salts M. N. Zakhvalinskii [2] established the presence of two complex compounds with the hypothe- 
tical composition LigSOg* Rb,SO, (1 : 1) and 4LigSOg* RbgSO, (4 1) on the diagonal RbNO,— 1/2 Li,SO,. 


In the base of the tetrahedron lies the ternary system 1/2 LigSOg-NaCI-RbNO,g in which, in addition to the 


three crystallization fie'ds of the components, lie two additional fields, corresponding tothe binary compounds 
mentioned above, 


These two complex compounds also appear in the ternary system 1/2 Li,SOg-RbNO,~T Br; separate fields 
correspond to them, A wide region of layer formation, occupying 78% of the area of the triangle, is very char- 
acteristic of the given system, In the ternary system NaCI-RbNO,~TIBr there are three crystallization fields of 
the components, A considerable region of layer formation adjoins the RbNO,~TIBr side and covers almost the 
whole of the TIBr field and part of the NaCl field (30% of the area), In the ternary system1/2 LigSOg-NaCPTIBr, 
there are three crystallization fields of the components and a considerable region of layer formation, extending 
along the 1/2 Li,SO,-TIBr edge and covering almost the whole of the Li,SO, field and a large part of the NaCl 
field (60% of the area),The tetrahedron 1/2 LizSOg-NaC FRbNO,-TIBr_ was investigated in the part adjoining the 
*lithium® comer only up to a temperature of 500° as rubidium nitrate decomposes at this temperature. 


In the investigated portion of the tetrahedron there were, in addition to the four crystallization volumes of 
the components, two other, comparatively small volumes of complex compounds of lithium and rubidium sulfates 


— | 


(1: 1 and 4; 1), Rubidium sulfate is the product of exchange between Li,SO, and RbNOs. The six crystalliza- 
tion volumes touch in fours in two quaternary points, a eutectic and a transition point, lying in the "rubidium" 


corner of the diagram, Table 1 gives the temperatures and compositions of the multiple points of the ternary 
systems and the quaternary system. 


TABLE 1 


Compositions and Temperatures of Multiple Points 


System Multiple points a Composition of multiple points, mol % 


Transition 140, NaCl + 85% RBNO, 


Eutectic : 1804 + 19% NaCl + 79% RbNO, 


Transition = 180 + 11% RbNO, + 87% TIBr 


Eutectic > 1% 8 + 6% TIBr + 93% RbNO, 


"J, LssSO, — NaCl — RbDNO, 


"/, LisSSO, — RbNO, — TIBr 


NaCl — RbNO, — TIBr asectic | 4% TIBr-+ 17% NaCl 79% RbNO, 


Li,SO, — NaCl — TIB; Eutectic % TIBr 
Transition + 13% NaCl + 9% TIBr +4. 


7 
1/, Li,SO,— NaCl — RbNO,~ TIBr 
Eutectic 2% ~1,—'+ 17% NaCl + 72% RbNO, + 


+ 9% Tir 


Figure l gives an opened out drawing and Fig, 2 a perspective drawing of the tetrahedron. 


The compositions of the ternary and quaternary eutectic and transition points were determined by graphical 


construction; the temperatures were determined from records of the heating and cooling curves on an N, S. Kurnakov 
recording pyrometer, 
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Fig.1.Opened out drawing of the tetrahedron LigSOg-NaCI-RbNO,-TIBr. 
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Fig. 2, Perspective drawing of the tetrahedron LigSOgNaCI-RbNO,~T Br. 


As a result of the investigation, conclusions may be drawn on the type of the seven-membered reciprocal 
system of 16 salts since the tetrahedron studied determined the direction of reactions, like the “base® triangle for 
a five-membered reciprocal system of 9 salts [3] and also like the stable diagonal triangles in a quaternary recip~ 
rocal system of 6 salts [4] and, finally, the stable diagonal of the square of a ternary reciprocal system of 4 salts, 
From experimental determination of melting points in the system 1/2 Li,SOg-NaCI-RbNO,-T Br it was established 


that the seven-membered reciprocal system Li, Na, Rb, T1 || Br, Cl, NO, ,SO, may be assigned to the reversible- 
reciprocal class of systems [ 5]. 
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The haloferrocenes obtained by one of us together with Perevalova and Nesmeyanova [1] showed themselves 
to be incapable of exchanging the halogen for hydroxyl, acyloxy, and similar groups in reactions with NaOH, 
CH,;NOONa and similar salts of alkali metals, In Ulmann reactions, the halogen was not replaced by a residue 
attached to sodium, but the halogen was eliminated with the formation of biferrocenyl and ferrocene (E.G. 
Perevalova and O, A, Nesmeyanova — private communication). 


In our previous articles we described the preparation of chloro and bromo derivatives of ferrocene from 
ferrocenylboric acid [2] and replacement of the bromine in bromoferrocene by an acetoxy group in a reaction 
with copper acetate (135~-140°, ferrocenyl acetate yield 55%) [3], As our subsequent work showed, exchange of 
the halogen in haloferrocenes by reaction with cupric (and cuprous ~Cu,(CN),) salts is a general method of re- 
placing a halogen atom in a ferrocene nucleus by radicals bound to copper, 


Replacement of the halogen in haloferrocenes by the acetoxy group proceeds even more smoothly than we 
described previously in an aqueous alcohol solution by boiling with copper acetate for 15 min (90% yield of 
ferrocenyl acetate) 


Cu(OCOCH,), 
————--* FOCOCHs, 


where X is halogen and F is ferrocenyl, C;HsFeCsHy. 
Heating (135-140°) a mixture of haloferrocene and copper phthalimide yielded N -ferrocenylphthalimide 


co co 
WS 


\ 
N— F— 


4 


By the action of hydrazine hydrate, N-ferrocenylphthalimide was readily converted into ferrocenylamine 
in a total yield of 50% on the bromoferrocene, even in the first experiments, Ferrocenylamine was identified in 
the form of N-acetylferrocenylamine, The halogen could also be replaced by a phthalimide residue in an aqueous 
alcohol solution by two-hours boiling. 


Ferrocenylamine was previously obtained by the reaction of ferrocenyllithium with the benzyl ether of hy - 


droxylamine [4] and from the azide of ferrocenecarvoxylic acid [5]. The route described is undoubtedly more 
convenient than the others, 


co co 
153 


Bromoferrocene reacts with cuprous cyanide to give a good yield of ferrocenecarbonitrile, This reaction 
proceeds with chloroferrocene with somewhat more difficulty, Ferrocenecarbonitrile was previously obtained 
from the amide of the acid [6] and from the oxime of formylferrocene [7]. 


EXPERIMENTAL 


Ferrocenyl acetate, Bromoferrocene (0,30 g ) and 1 g of copper acetate were boiled in 30 ml of 50% al- 
cohol for 15 minutes, The mixture was then diluted with water and extracted with ether, The ether was washed 
with water, 5% alkali solution, again with water and evaporated, We obtained 0,25 g of ferrocenyl acetate (90% 
of theoretical) with m,p, 60-62 and a test for halogen was negative, After recrystallization from alcohol, the 
substance had m,p, 64,5-66,5°; a mixture with authentic ferrocenyl acetate melted at the same temperature, 
Hydrolysis of the ferrocenyl acetate to hydroxyferrocene and subsequent benzoylation by the Schotten-Baumann 
method gave ferroceny! benzoate with m.p, 108,5-109.5° [3], Similarly, 0,30 g of chloroferrocene and 1 g of 
copper acetate in 30 ml of 50% alcohol gave 0,28 g of ferrocenyl acetate (84% of theoretical), 


N-Ferrocenylphthalimide, A mixture of 0,60 g of bromoferrocene and 1.5 g of copper phthalimide was 
heated on an oil bath at 135-140° for 2 hours, The mixture was then repeatedly washed with ether, The red 
ether solution was washed with water, 10% KOH solution, again with water and evaporated, We obtained 0,48 g 
of N-ferrocenylphthalimide (64% of theoretical) with m,p. 150-153°, After recrystallization from alcohol, the 
substance had m.p. 156-157°. 


Found %; C 65.25, 65.51; H 3.95, 3.89; Fe 16.93, 1698; N 4.23, 4.29.CyHpO.NFe. Calculated %; 
C 65.30; H 3.96; Fe 16.87; N 4.23 . 


N-Ferrocenylphthalimide was a red crystalline substance which was soluble in ether, acetone, chloroform, 
and benzene and more difficultly so in alcohol, Similarly, 0.30 g of chloroferrocene and 1.5 g of copper phthal- 
{inide yielded 0,24 g of N-ferrocenylphthalimide (53% of theoretical), 


Ferrocenylamine, N-Ferrocenylphthalimide (0.30 g) was boiled (in a nitrogen atmosphere) with 0,5 ml of 
hydrazine hydrate in 5 ml of alcohol for 40 minutes, The mixture was then diluted with water and extracted 
with ether; the ether was washed with water, 10% KOH, and again water and the ferrocenylamine extracted with 
10% HCl, precipitated with 10% alkali sokttion, collected, washed with water, and dried in a vacuum desiccator 
over P,Os. We obtained 0,15 g (82% of theoretical) of ferrocenylamine with m,p, 153-155°, Literature data; 
m,p. 153-155° [4], 155° [5). 


N-Acetylferrocenylamine, Ferrocenylamine 0.08 g was dissolved in 0.5 ml of acetic anhydride and 1 ml 
pyridine, The solution was left at room temperature for several hours, The mixture was diiuted with water and 
extracted with ether, The ether was washed with water, 10% H2SO,4, and again water and evaporated, We ob- 
tained 0,08 g of N-acetylferrocenylamine (82% of theoretical) with m.p, 166-168" and after recrystallization from 
benzene, the substance had m.p, 169-171°, Literature data; m.p. 167-168" [4], 170,5-172° [5]. 


Ferrocenecarbonitrile, 1) A mixture of 0,30 g of bromoferrocene and 2 g of cuprous cyanide was heated 
for 2 hours on an oil bath at 135-140°, The mixture was then repeatedly washed with ether and the ether evapor- 
ated, We obtained 0,20 g of ferrocenecarbonitrile (84% of theoretical) with m.p. 101-103° and a test for halogen 
was negative, After recrystallization from heptane the substance had m.p, 105,5-106.5°; a mixed melting point 
with authentic nitrile was not depressed, Literature data; m.p, 107-108" [6], 103-104° [7]. 


2) A mixture of 0,30 g of chloroferrocene with 1,5 g of cuprovs cyanide in 2 ml of dry pyridine was heat- 
ed for 3 hours on an oil bath at 140-145° with the addition of 3-4 mg of ferrocenecarbonitrile [8], The mixture 
was washed with ether and the ether evaporated, The residual crystals were washed with cold heptane, We ob- 
tained 0,12 g of ferrocenecarbonitrile with m,p. 100-102° (42% of theoretical) and a test for halogen was negative; 
after recrystallization from heptane, the substance had m,p. 105,5~-10°.5°, 
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Phenols are alkylated by olefins with good results with the aid of acid catalysts (HySO, and HgPO,) and 
aluminum chloride at 80-100°, The authors compared the effects of acid catalysts in the alkylation of phenol 


by isobutylene and also studied the alkylating capacity of a number of heterogeneous oxide catalysts in this 
process, 


The reaction was at 100° and a molar ratio of phenol to isobutylene of 1:1 as these conditions are optimal 
for the formation of monobutylphenol, The alkylation with homogeneous catalysts dissolved in phenol or as 
powders which formed a good mixture with phenol was carried out in a flask with a stirrer; the isobutylene was 
introduced at the bottom of the phenol layer, Alkylation of phenol with granulated, heterogeneous catalysts was 
carried out in a reactor which consisted of a column 600 mm high containing a layer of catalyst and phenol and 
the isobutylene was introduced at the bottom, For the alkylation we used 98% isobutylene, obtained by dehydra- 
tion of isobutyl] alcohol over aluminum oxide at 400°, and phenol with m,p, + 41° and np 1.5401. 


The alkylate obtained with a molar ratio of phenol to isobutylene of 1: 1 was an oily crystalline mass, 
which was transferred to a glass filter to separate the liquid portion, The experimental results are given in Table 1, 


Separation of the alkylate yielded solid and liquid products, After treatment, the former was pure p-tert~- 


butylphenol while the liquid products contained mainly (up to 75-85%) of di-tert-butylphenol with some o-tert~- 
butylphenol and other reaction products (see Table 4), 


The liquid products obtained by alkylation with the aid of HgPO, BFs, BFs, HgPO,4, AlCl, and Al,Og * 4Si0,° 
*nH,O, and consisted entirely of alkylphenols. The alkylation reaction may be represented in the following way, 
where the yield of the reaction products depends on the catalyst used, 


OH 
| 


oH || 
on 

| | iso--C,l I, CaHo 


OH OH OH 
| | 
15— 45% Call 


CyHo 
75—85% 20-25% 


239% 


TABLE 1 


Alkylation of Phenol by Isobutylene with Various Catalysts at Atmospheric Pressure 
and 100° (molar ratio of phenol to isobutylene of 1: 1, 47 g of phenol) 


Reaction product yield, 
% of theoretical 


liquid p-tert- | liquid 
phenol roducts put - \products 
phenol 


phenol 
15,0 81 
12,8 83 
31,3 
18,6. 65 
H5PO, 9, 26,7 60 
AICls 24,7 70 
13,5 42,5 44,0 4A 4 f 
iOg ¢ Alkylation proceeded poorly, formin 4—5 g of alkylate 
TiO, + The faite y 258 " 
MoOs + SiO. 
3iO + 25g 
SiO, 2—5g " 
CuO ‘ 
Al,Os No alkylation occurred 
PbO The same 
FeO, 


Comp. of crude alkylate, % 


Catalyst 


Amount of 
catalyst, % 


BF, 
BFy 
AICl,-HSO, 
HSO, 


* Industrial aluminosilicate catalyst, 


TABLE 2 


Composition of crude alkylate, % Yield of reaction products, % 
of theoretical 
phenol | p-tert- | liquid ca. liquid 


utyl- | products tyl- roducts total 
phenol phenol P 


13.5 42.5 44,0 43 44 87 


13.3 56.2 30,5 56 31 87 


16.6 46.7 36,7 47 37 84 


TABLE 3 


Change in the Activity of Aluminosilicate Catalyst During the Alkylation 
of Phenol by Isobutylene 


Duration of — : Duration of tert-Butylphenol yield 


regen, cycle per cycle, g 
working cycle, (fishing with 
air), 


96 3 
80 3 
a2 3 

3 


72 


mono- 


464 
388 


349 
349 


820 


Temp., 
100 
130 
160 
Exp. 
No. 
di- 
9—21 209 
2932 175 
33—42 157 
43—52 | 157 
| | | 1550 | 698 
_ 158 


The following conclusions may be drawn from the data presented in Table 1. Phenol is alkylated by iso- 
butylene in the presence of catalysts containing boron trifluoride more successfully than with the other catalysts 
examined, Under the conditions of the experiments, with HsPO, - BF, and BF, the yield of p-tert-butylphenol 
was 80 and 83%, respectively, while with AlCl, it only reached 70%, The yield of liquid products in the alkyl- 
ation of phenol with the aid of HgPO, - BF, and BF,(15 and 13%) was lower than with AlCl, (24%), The increase 
in the p-tert-butylphenol yield in the case of catalysts containing boron trifluoride was the result of a decrease 
in the formation of liquid products, 


From what has been said it follows that the most effective of the catalysts examined for the alkylation of 
phenol by isobutylene to form p-tert-butylphenol is the complex of boron trifluoride with orthophosphoric acid 
and especially boron trifluoride; under the same conditions, this reaction occurs in principle with such oxide 
catalysts as titanium, silicon, and aluminum oxides, Other reaction conditions should probably be chosen to 
raise the yield of alkylation products, In all probability, an increased pressure and temperature should be used, 


Among the other compounds examined, the industrial aluminosilicate catalyst gave good results in the 
2!kylation of phenol by isobutylene and the use of this catalyst in production would considerably cheapen and 
simplify this process. By carrying out the process with appropriate ratios of phenol to isobutylene it might be 
possible to achieve complete reaction of the phenol, The di-tert-butylphenol thus formed is not a waste product 
as it finds various applications, The use of a solid catalyst, such as aluminosilicate, with allowance for what 
has been said, eliminates the need for water and alkali washing of the reaction mixture, The existence of the 
finished catalyst, which is produced on an industrial scale, in itself is an important positive factor in favor of its 
industrial use as a catalyst for phenol alkylation, 


The arguments given above formed the basis for further investigation of the alkylation of phenol by isobuty!- 
ene on aluminosilicate catalyst. Our next experiments with this catalyst were aimed at determining the optimal 
temperature of the process at a molar ratio of phenol to isobutylene of 1: 1 with 47 g of phenol in each experi- 


ment and 69,3 g of catalyst which was used in 8 successive experiments. The data obtained are presented in 
Table 2, 


The amount of catalyst chosen was such that it gave a satisfactory rate of isobutylene absorption, The 
data presented in Table 2 show that the optimal temperature of the process at atmospheric pressure is 130°, 
Under these conditions, the maximum yield of p-tert-butylphenol (56% of theoretical) and the minimum yield 
of liquid reaction products were obtained, At 100 and 130°, hardly any phenol was carried away by the unreact- 
ed isobutylene; at 160°, about 2-3 g of phenol out of 49 g was lost, In the reaction of 49 g of phenol and 28 g 
of isobutylene (100-150°), about 0,4-0.7 g of carbonaceous deposits was formed on the catalyst. 


The alkylation of phenol by isobutylene was subsequently studied at 130°, a molar ratio of phenol to iso- 
butylene of 1; 1, and on one charge (69.3 g) of catalyst, which was regenerated periodically, Working cycles, 
lasting for an average of about 90 hours, were alternated with regeneration cycles of 3 hours, 


A working cycle consisted of a series of experiments with the same portion of catalyst at a molar ratio of 
phenol to isobutylene of 1: 1, A single charge (one experiment) of phenol in the reactor was 47 g, the amount 
of isobutylene passed was 28 g, and the amount of catalyst participating in the reaction was 69 g, At the end 


of the experiment (28 g of isobutylene reacted) the crude alkylate was separated from the catalyst and treated 
by the normal method, 


The working cycle was considered complete when the rate of isobutylene absorption fell from 1.5 liters/ 
hr to 0,5 liter/hr under the same conditions. During the regeneration cycle the reactor with the catalyst was 
heated to 500° and then air was blown through the catalyst for 3 hours for complete removal of the coke deposits. 
Table 3 gives data showing the activity of the catalyst during the alkylation of phenol by isobutylene, 


The data presented in Table 2 show that the activity of the aluminosilicate changed comparatively little 
during the working period, In the first experiments it worked for 96 hours before regeneration and in subsequent 
ones, 80-72 hours after regeneration, During the operating period of the catalyst, which lasted for 320 hours, 
we obtained 1550 g of mono-tert-butylphenol, which is equivalent to 22.4 g of mono-tert-butylphenol and 10,1 g 
of di-tert-butylphenol per g of catalyst. The over-all composition of the products from the alkylation of phenol 


by isobutylene on an aluminosilicate catalyst at 130° and a molar ratio of phenol to isobutylene of 1; 1 is given 
in Table 4, 


te 


TABLE 4 


Composition of Alkylate (in weight percent) Obtained by Alkylation of Phenol by Iso- 
butylene at 130° on Aluminosilicate Catalyst 


D-tert- O-tert~| pi-tert- Tributyl) Butyl ether of 
butyl- butyl- | butyl- phenol butylphenol 
phenol pheno! | phénol 


Crude alkylate 65.4 4.6 15.5 0.8 0.4 


Alkylate 15.4 5.3 17.8 


1.0 0.5 


The o-tert-butylphenol obtained had the following constants; b.p. 114-116°/16 mm, m.p.-6.2, nD 


1.5212, d, 0.9791, MB = 150, OH 11.2% (literature data; b.p. 120°/30 mm, m.p.—6.8°, nD 1,5239, dy 
0,982), 
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As was shown previously [1], in the presence of a chloroplatinic acid catalyst, tetraalkyldihydrodisiloxanes 


R R 


H—-Si—O—Si—H; R=CHs, CHs, react with difunctional unsaturated compounds of the type: 


| 
R R 


CH, CH (R)M(R) CH = CH 


CH == CH — CH, (R) M(R) CH, — CH = CH, 


where M = Si and Ge,and R = CHg, C,Hs, and C.Hs, to form polymeric products consisting of 


| | | | 
— (CU) — | or |- $i Si— (Ole | units, respectively 
| | | 


The purpose of the present work was to use infrared spectroscopy to study the structure of the polymeric 
products obtained, 


The infrared absorption spectra of the polymers obtained made it possible to draw conclusions on the 
structures (the spectra of the starting components [Figs. 1, 2, 3, and 4] were also plotted for comparison), 


The reaction of disiloxanes with dialkenes may yield either linear or cyclic polymers. This may be detect- 
ed by the corresponding characteristic frequencies of the infrared absorption bands of the terminal Si-+H and C-C 
groups, For linear polymers formed with an equimolecular ratio of the components, at the ends of the macro- 
molecule chains one would expect an Si-H bond at one end and a C-C bond at the other, 


With excess disiloxane in the reaction mixture one would expect Si-H bonds at the ends of the macromol- 
ecule chains and with excess dialkene, C—C bonds, These bonds should be absent in the case of a cyclic struc- 
ture . The infrared absorption bands of the valence oscillations of the Si—H group lie in the frequency region 
2100-2300 cm“ [2]; they are intense and readily observed when the group is present in compounds, For the tetra- 
alkyldihydrodisiloxanes we investigated ,the Si—H group gave a frequency of 2125-2130 cm™ (Fig. 1, Table 1). 


TABLE 1 Infrared absorption bands at 1600-1680 cm~correspond 


Frequencies of Tetraalkyldihydrodisiloxanes to valence oscillations of the C—C bond, For the divinyl 
compounds investigated, the frequency of the C — C bond was 
1595 cm™ and for the diallyl compounds, 1630 em (Fig.2, 
Table 2), The intensity of double bond absorption bands is 
low and depends to a considerable extent on the symmetry 
of the molecule; this could complicate their detection in 
polymers if we also allow for the fact that the intensity of 
these bands also decreases with an increase in the molecular 
weight of the polymers, since the number of double bonds 


1235 " per unit volume will decrease as the size of the molecules 

1060 increases 

1008 
962 ( The infrared absorption spectra of the polymers ob- 
am tained by reaction of divinyl monomers with disiloxanes, 

767 ; like the reaction products of diethyldivinylsilane with all 
710 three disiloxanes (n = 5,6) and the reaction product of phenyl- 

methyldivinylsilane with dimethyldiethyldisiloxane (n = 4) 

(with an equimolecular ratio of the components), showed 
that Si-H bonds were absent, At the same time, the spectra 

of polymer samples formed by reaction of diallyl monomers 

with tetraethyldisiloxane (n = 4) and the reaction products of 


! 
| 
+ 
{ 


di- 
Idi-| 

yldist - 
loxane | 
Tetraethyldi- 


Tetramethyl 
disi{loxane 
Di 

| loxane 
Tetraethyldi 
, siloxane 
Tetramethyl+ 

| siloxane 


Dimeth 


feth 


*The frequencies in the region 680-1300 cm“ 
are for carbon disulfide solutions, 


TABLE 2 


Frequencies of Dialkenes (in em”) 


Phenylmethy] 4Diethy - Diethyl- Phenyl - Diethyl - 
divinylsilane Hivinylst - diallylsi- methyldi- divinyl + 


Diethyl- 


lane 


lane | lane silane Diallyl 


3065 3079 1255 
3052 3058 — 1235 1240 1245 
3006 2989 ‘ 1108 = 1195 1210 
2959 2950 26 1005 1007 1153 1120 
2940 -- 29: 955 952 1067 1045 
2895 2902 870 740 1035 992 
— 2868 y 840 1010 912 
800 — 990 695 
1595 1630 750 960 
1467 (?) 1462 { 740 — 930 
1425 1415 702 _— 895 
1405 1390 800 
1305 . 1300 y { 770 


dimethyldiallylgermane with dimethyldiethyldisiloxane (n = 6) and with tetraethyldisiloxane (n = 2) under the 


same conditions, showed that they were present (Fig. 3), The spectra of the same products reprecipitated by al- 
cohol contained no bands of Si-H bonds, 


With excess disiloxane in the reaction mixture with the divinyl monomer (tetraethyldisiloxane and phenyl- 
methyldivinylsilane), the infrared spectrum showed the band of an Si—H bond, The same was also observed in 
the spectrum of a polymer obtained by reaction of tetraethyldisiloxane with diallyl (Fig. 4.). With excess diethyl - 
diallylsilane and dimethyldiallylsilane, respectively, in the reaction mixture with tetramethyldisiloxane, the poly- 
mers formed contained C=C bonds in accordance with the hypothesis, It should be noted that the frequencies of 
the Si-H (2125-2130 cm“), si-O—S{ (1060-1065 cm“), Si—CHg (1250-1255 and Si-C,Hg (1235 -1240 
groups were practically identical for monomers and polymers, 


9959 | 2958 | 2952 1252 
— | 2935 | 2935 ee 
2898 | 2909 | 2905 1060 
2875 | 2865 
907 
2125 | 2125 | 2130 880 
— | 1462 | 1465 |] 835 
1422 | 1410 | 1415 776 
1395 | 1380 | 1380 700 
| | | 
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Fig. 2, Infrared absorption spectra of dialkenes, 


From the results obtained we may draw the following conclusion on the structure of the polymers; The re- 
action of divinyl monomers with disiloxanes in equimolecular proportions leads to the formation of cyclic poly- 
mers, while diallyl monomers form linear polymers under the same conditions, 
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Fig. 4. Infrared absorption spectra of reaction products (with 
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The infrared absorption spectra were plotted on double-beam infrared spectrophotometers, operating on the 
phase method for comparing the beam intensities* with LiF (2800-3000 cm“) and NaCl (680-3000 cm) prisms, 
The spectral slit was 6 cm™ with an LiF prism in the region of 3000 cm and 10 cm~! with an NaCl prism in the 
region of 1000 


The spectra were plotted with the substances in a layer between two salt windows* * and also in cells of 
constant thickness (0,016 and 0,05 mm), 


In conclusion it is our pleasant duty to thank Corresponding Member Acad. Sci. USSR V. V. Korshak and 
Academician I. V. Obreimov for interest in the work, V, M. Vdovin and V. F. Mironov for carrying out the syn- 
theses, and E, A. Dimitriev and R, A, Isaeva for valuable help in plotting the infrared spectra, 
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Up to now, hexafluoroplatinates have not been prepared by the usual procedures in aqueous solution due to 
irreversible hydrolysis. It is known that even hot 40% hydrofluoric acid does not react with P(OH), [1]. Neither 
can hexafluoroplatinates be prepared by treating hexachloroplatinates with anhydrous hydrogen fluoride [2]. 


Potassium hexafluoroplatinate was first prepared by Schlesinger and Tapley [3] by fusing the complex salt 
3KF *PbF, *HF with finely divided platinum, The water-soluble hexafluoroplatinates of some rare-earth metals 
could be prepared by treating platinum foil, covered with rare-earth fluoride, with fluorine at 525° [4-6]. By 
treating platinum tetrabromide with bromine trifluoride and evaporating the resultant solution in vacuum, Sharp 
[7] obtained a product with the composition PtBryFy), to which was assigned the formula of difluorobromonium 
hexafluoroplatinate (BrF,), PtFg. Addition of potassium fluoride to a BrF, solution of this compound gave potassium 
hexafluoroplatinate by the equation 


(BrFs)oPtFe 4+- 2K S > 4BrF3. 


As this reaction is reversible, the product was obtained as a mixture with the starting materials, The yield did 
not exceed 40%, We found that a mixture of bromine and bromine pentafluoride dissolved metallic platinum 
quire rapidly, At the same time, pure BrF, had no effect at all on metallic platinum, Evaporation of the solu- 
tion gave a dark yellow, crystalline compound with the composition PtBryFy9. 


The salt obtained was immediately hydrolyzed by water with the evolution of bromine vapor; it fumed in 
air, was insoluble in hydrogen fluoride, inflamed on coming into contact with alcohol, and did not react with 
CCk. When heated to 200° in vacuum, the compound lost BrF,,and PtF, remained as the residue; the salt dissolved 
in bromine pentafluoride to the extent of about 10 g of salt in 100 ml of BrF, to give a red solution, The product 
dissolved readily in bromine trifluoride to a form a clear red solution and the addition of potassium fluoride to 
it and removal of the solvent in vacuum at room tem perature gave a light yellow residue with the composition 
K,PtF, + 1.1 BrFs. When heated to 250° in vacuum, the latter decomposed to give bromine trifluoride, Leaching 
of the residue with hot water and filtration of the solution yielded lemon yellow crystals of potassium hexafluoro- 
platinate, 


When potassium fluoride was added to the solution of platinum in the given mixture, the reaction proceeded 
according to the scheme: 


AKF = + 2KBrFy. 


The reaction may be used to obtain high yields of potassium hexafluoroplatinate, 


A sample of 2,5 g of platinum wire or foil was placed in a 12-cc Teflon tube with a stopper. The tube was 
then 3/4 filled with a reaction mixture of Br, and BrFs in a ratio of 1:2 by volume, closed with a stopper, and 
placed in a container, which was hermetically sealed by flanges, The container was placed in an air thermostat 
at 40°, The platinum dissolved completely in a week, Three weeks were required for solution at room tempera- 
ture, After the required time had elapsed, the container wascooled to 0° and opened and the contents of the tup 
tube poured into a Teflon dish and evaporated to dryness in a draft with heating, Care was taken that heating 
was stopped as soon as the liquid phase disappeared. As long as there were traces of liquid, the product did 
not react with atmospheric moisture, The difluorobromonium hexafluoroplatinate was washed into a 100-cc 
Teflon beaker with 50cc of bromine pentafluoride, Well ground potassium fluoride (3 g) was added in small 
portions with mixing to the solution obtained. The contents of the beaker were cooled with dry ice during the 
addition to avoid vigorous boiling. After all the potassium fluoride had been added, the beaker was placed in 
a container, which was hermetically sealed and left overnight. The solvent was then evaporated at room tem- 
perature in draft to give a pasty mass and the beaker and its contents were placed in a quartz container, 
whose ground joint was lubricated with perfluoride lubricant, The container lid was fitted with an outlet, which 
was connected to a quartz trap in a Dewar vessel with liquid nitrogen, The trap was connected to an oil pump. 
The remaining bromine pentafluoride was first removed at room temperature in vacuum and then the residue was 
heated to 280° to decompose the KBrF4. The vacuum system had to be free from leaks to avoid decomposition 
of the product by atmospheric moisture, 


After the bromine had been removed completely, the light yellow residue, consisting of a mixture of KF 
and K,PtF,, was extracted with boiling water (about 200 cc) in 20 cc portions until no characteristic potassium 
hexafluoroplatinate crystals were detected in the filtrate, The hot solution was filtrate cooled to 0°, The crys- 
tals formed were collected in a platinum funnel and recrystallized from hot water, An additional portion of the 
substance was obtained by evaporating the mother liquor in vacuum, The yield was about 80%, Fluorine and 
potassium analyses were carried out after platinum had been removed from a solution of a weighed sample with 
hydrazine hydrate, The fluorine was determined as lead fluorochloride [9] in an aliquot of the solution and the 
potassium in the form of sulfate, Platinum was determined on a separate sample by precipitation with sulfono- 
thiourea by the method of V. A. Golovnya and S, K, Sokol [10]. In addition, we used an analysis method based 
on pyrohydrolysis of a sample of salt in a current of steam at 400°, 


The analysis results are given in Table 1, The results obtained by other methods are given below. 


TABLE 1 


Results from Pyrohydrolytic Analysis and Values Calculated from the Formula KPtF, 
(in percents) 


Analysis Pt Fluorine distilled Residue KF 
No, 


found] calculated found| calculated | found|calculated | found] calculated 


50.3 50,4 20,2 19.6 80.2 80.2 29.9 30.0 


50,2 20.2 80,2 30,0 


Using VA, Golovnya and S, K. Sokol’s method, we found Pt50,1+ 0.1%; K 20,1 + 0.1%, Determination 
of K and F after removal of platinum with hydrazine hydrate gave the following values; 


Found %; K 20.4 + 0.1; F 30.04 0.3. KaPtFg Calculated %: K 20.2; F 29.4; Pt 50.4. 


As the analysis results show, four of the six fluorine atoms were removed during pyrohydrolysis, which 
was further proof that fluorine was not replaced by OH or H,O groups, The external appearance and properties 
of the potassium hexafluoroplatinate obtained agreed accurately with those described in the literature, The 
appearance of the crystals differed markedly from that of similar salts with other halogens, a fact which agrees 
completely with literature data [11,12]. The density of the salt, measured pycnometrically, was 4.814 0.01 g/ 
cc, According to the measurements of wheeler etal. it is 4.83 g/cc. 
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The solution of platinum in a mixture of bromine and bromine pentafluoride, described in this work, may 
be explained by the formation of bromine monofluoride in this mixture as this compound corrodes platinum very 
rapidly [13] and we also found and confirmed by analysis of the end products that bromine trifluoride was also 
formed in addition to difluorobromonium hexafluoroplatinate, 


The solution of platinum may be represented by the following equations; 


Bry BrFs = BroFs +4- BrFs3, (1) 
5SBryF, +Pt= (BrFq)2PtFe + 4Brg. (2) 


Equation (1) was given by Ruff and Braida to explain the mechanism of bromine monofluoride formation 
by fluorination of bromine with fluorine [14], The over-all equation Br, + SBrF, + Pt = (BrFy),PtF, + SBrF, cor- 
responds to analytical data we obtained for the end products of the reaction, 
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The work of S, E. Bresler and his co-workers established that polymerization of isoprene and butadiene under 
the action of butyllithium gave polymers with very narrow molecular weight distributions, According to the 
authors the very low polydispersion and the gauss-like character of the molecular weight distribution is due to 

the fact that all the molecular chains commenced growing practically simultaneously and continued until the 
monomer was completely consumed, This indicates that the starting organometallic compound must add practic ~- 


ally immediately to the corresponding diene monomer and thus produce frontal propagation of the polymerization 
process, 


Such an explanation appears improbable due to the different reactivity of the starting alkyllithiums and 
their addition products with the diene, in which the C—Li bond is conjugated with a double bond. As is known, 
compounds of this type have a considerably higher reactivity [2,3]. 


In this communication we give experimental data on the kinetics of the addition of ethyllithium to tso- 
prene and styrene during their polymerization, Ethyllithium was chosen as the organometallic compound as its 


concentration may be determined conveniently through ethane. The ethyllithium was synthesized from ethyl 
chloride and metallic lithium in heptane [4]. 


All the experiments were carried out in an atmosphere of pure, dry argon, The isoprene, heptane and tetra- 


hydrofuran used in the work were boiled and distilled over metallic sodium, The styrene was dried over calcium 
chloride and vacuum distilled, 


The polymerization was carried out in a thermostatted reactor (Fig. 1) which was first heated to 250-300°, 
At a definite period after the start of polymerization, samples were collected from the reaction vessel for the de~- 
termination of polymer and unreacted ethyllithium, The polymer was precipitated from the reaction mixture 
with methyl alcohol, then washed, and dried to constant weight in vacuum, The unreacted ethyllithium was 
determined from the amount of ethane formed by decomposition of the reaction mixture sample (collected in 
vessel 3) with water, For this purpose, after decomposition of the reaction sample with water, the decomposition 
products were heated at 80° in vessel 3 to remove the ethane from the solution and the gas was then completely 


flushed out into the gas burette 5 with a hot salt solution (Fig. 1), The ethane content was determined by gas 
combustion over cupric oxide in a quartz tube, 


In the case of isoprene polymerization, before combustion, the gas was shaken in a Hempel pipette with 
a saturated solution of mercuric sulfate in sulfuric acid for the absorption of the isoprene vapor, 


The molar ratio of ethyllithium to monomer was 1/150 (for isoprene) and 1/100 (for styrene) in all the 
experiments, 


| 
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Fig. 1. 1) 50-ml reactor; 2) thermo- 
statted jacket; 3) 70-80-ml vessel for 
sample collection; 4) burette for 
aqueous salt solution; 5) gas burette; 
6) and 7) three-way tap for sample 
removal; 8) coil condenser, 


% 


Amount of ethyllithium in solution 
Polymer yield 


00min 


Fig. 2. Kinetics of styrene polymerization under 
the action of ethyllithium: kinetics of ethyllithium 
consumption (I) and polymerization kinetics (II) 
during block polymerization of styrene at + 1°; 
kinetics of ethyllithium consumption (III) and poly- 
merization kinetics (IV) during polymerization of 
styrene in heptane (16%) in the presence of tetra- 
hydrofuran at — 20°, 


gs 


Polymer yield 


8 


200 min 


Amount of ethyllithium 


Fig. 3. Kinetics of isoprene polymerization under 
the action of ethyllithium, Kinetics of ethyllithium 
consumption (I) and polymerization kinetics (II) 
during block polymerization of isoprene at +24°; 
kinetics of ethyllithium consumption (III) and poly- 
merization kinetics (IV) during polymerization of a 
solution of isoprene in heptane (20%) in the presence 
of tetrahydrofuran at + 25°; polymerization kinetics 
(V) of a solution of isoprene in heptane (20%) in the 
presence of tetrahydrofuran, added to the reaction 
sphere after complete consumption of ethyllithium 
and monomer, 


The molar ratio of ethyllithium to monomer was 


1/150 (for isoprene) and 1/100 (for styrene) in all the 
experiments, 


Figures 2 and 3 give experimental data obtained 
during block polymerization of styrene at +1° (+ 0,5°) 
(curves I and II, Fig. 2) and isoprene at 24° (+ 0,5°) 
(curves I and II, Fig. 3), The data given indicate that 
the addition of ethyllithium to the monomer occurred 
gradually during the whole course of the polymerization, 


The polymerization of styrene and isoprene in 
the presence of tetrahydrofuran, with which organo- 
lithium compounds form complexes, was investigated 
similarly, As is known [5-9], the use of a number of 
complex-forming additives considerably accelerates 
diene polymerization and affects the structure of the 
polymeric chains formed, Polymerization was carried 
out in heptane solutions containing 16% styrene and 
20% isoprene, at ~-20° in the case of styrene, and +25° 
in the case of isoprene, The solution of styrene in 
heptane was polymerized directly in the vessel for sam- 
ple collection (Fig. 1, 3) as polystyrene is insoluble in 
heptane and this hinders collection of samples from the 
reactor during polymerization, 
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In Figs, 2 and 3, curves III show the ethyllithium consumed during styrene and isoprene polymerization 
in the presence of tetrahydrofuran in a ratio of 1: 5; curves IV in Figs. 2 and 3 show the respective polymer 
yields. As may be seen, the introduction of tetrahydrofuran resulted in a sharp increase in the rate of the 
primary act of ethyllithium addition to the monomer and, consequently, the rate of the whole polymerization 
process, The “live"polymeric chain formed retained its capacity for further growth for a considerable period 
after the complete consumption of ethyllithium and monomer. As Fig. 3 shows (curves V and VI), the poly- 
merization process resumed at its former rate with the introduction of a heptane solution of isoprene (20%) 20 
(curve V) and 50 (curve VI) minutes after complete consumption of the original monomer and ethyllithium,. 


The results obtained indicate that the primary act of ethyllithium addition to styrene and isoprene proceeds 
gradually during the whole course of the polymerization process, The data we give refer to an ethyllithium concen- 
tration range of 0,7-1 mole %(relative to monomer), The rates of the primary act of addition and chain 
growth may depend substantially on the degree of ethyllithium association, As was established [10], the latter 
decreases with a decrease in the concentration of the organometallic compound in the solution, 


The complex~forming additives (tetrahydrofuran) resulted in a considerable acceleration of the primary 
act of ethyllithium addition to the monomer and acceleration of the whole polymerization process, 


LITERATURE CITED 
{1] S.E. Bresler, A. A. Korotkov et al., Zhur. Tekh, Fiz, 28, 1 (1958). 
(2] K. Ziegler, E. Dersch and H, Wollthan, Lieb, Ann, sll, 13 (1934), 
([3] A.A. Petrov and K, V, Leets, Doklady Akad, Nauk SSSR 95, 281 (1954), 
[4] H. Gilman, J, Am, Chem, Soc, 71, 1499 (1949), 
[5] K. B. Photrovskii and M. P. Ronina, Doklady Akad, Nauk SSSR 115, 4, 737 (1957).° 


(6] K. B. Piotrovskii, Collection: Abstracts of Proceedings of IX Conference on General Problems of the 
Chemistry and Physics of High-Molecular Compounds [in Russian] (1956) p. 52, 


(7) B. A. Dolgoplosk, V. A. Kropachev, and N, I, Nikolaev, Doklady Akad, Nauk SSSR 110, 789 (1956).” 


[8] V. A. Kropachev, B, A. Dolgoplosk, and N, I. Nikolaev, Doklady Akad. Nauk SSSR 115, 516 (1957).* 


(9] N. I. Nikolaev, B. A. Dolgoplosk, and V. A. Kropachev, Abstracts of Proceedings of IX Conference on 
General Problems of the Chemistry and Physics of High-Molecular Compounds [in Russian] (1956), 


[10] A. N. Rodionov, V. N, Vasil'eva, et al., Doklady Akad, Nauk SSSR 125, 562 (1959),° 


* Original Russian pagination. See C.B. Translation. 


FREE RADICAL ADDITION OF ALKYLBENZENES TO a-OLEFINS 
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Institute of Organic Chemistry, Academy of Sciences,USSR 


(Translated fromsDoklady Akademii Nauk SSSR, Vol. 130, No. 6, 
pp. 1256-1259, 1960) 


Original article submitted November 4, 1959, 


Aliphatic hydrocarbon radicals add readily to olefins [1], Free allyl and benzyl radicals have an extremely 
low activity in addition and substitution reactions, Tne low reactivity of these radicals is explained by the in- 
ductive displacement of the free electron toward the C=C bond or aromatic nucleus, i.e.,by the "inclusion" of 
the free electron in the general electron system of the radical as a result of conjugation [2], Recombination is 

the most characteristic reaction of such radicals, Nonetheless, the benzyl radical formed during the decomposi- 
tion of tertiary butyl peroxide in toluene, adds readily to anthracene, while the cumyl radical does not add to 
anthracene under the same conditions but is recombined to 2,3-dimethyl-2,3-diphenylbutane [3]. It was reported 
that ethylene may be telomerized with toluene at 260° and 140 atm pressure when the process is initiated with 
cumene hydroperoxide [4], However, the composition of the mixture of alkylbenzenes formed and their structure 
were not investigated, The purpose of this work was to study the possibility of using free radical addition and telo- 
merization for the synthesis of alkylaromatic hydrocarbons, which would be useful for the preparation of surface- 
active substances similar to alkylbenzenesulfonates, It was established that toluene, ethylbenzene, cumene p- 
xylene and a-methylnaphthalene were capable of adding to a-olefins at 150 -160° under the action of tertiary 
butyl peroxide, The reaction products were obtained in 10-15% yields, calculated on the olefins taken, Table 1 
gives the amounts of components and peroxide used in the reaction as well as the yields and properties of the 
addition products. Apparently, besides addition, substitution of the a-hydrogen atom in the olefins by free ra~- 
dicals also occurred, The competing substitution reaction could be assessed from the bromine numbers, which 
were determined for some of the products obtained, According to the bromine numbers the content of unsaturated 
compounds in the addition products of olefins with toluene was 16-19%, with ethylbenzene 28%, with p-xylene 
4-6%, and with a-methylnaphthalene 50%, In addition, all the experiments yielded crystalline products of 
free radical dimerization, namely, bibenzyl, 3,4-diphenylbutane, 3,4-dimethyl-3,4-diphenylbutane and bi-p- 
xylyl. 


In studying the reaction of ethylene with toluene, initiated by tert-butyl peroxide at 200-220° and 140 atm, 
we established that under these conditions telomerization occurred and as a result monoalkylbenzenes were formed. 
The first members of the telogen homologs formed (propylbenzene, amylbenzene, etc) may, in their turn, act as 
telogens, and this results in the formation of secondary and, evidently, tertiary alkylbenzenes, Five individual 
hydrocarbons could be isolated from the reaction mass by distillation (Table 2), The isolation of higher-molecular 
alkylbenzene was difficult as the number of isomers and homologs with similar boiling points increases with an 
increase in molecularweight, Table 3 gives the fractional composition of the reaction mass after the separation 

of heptylbenzene anu low-boiling products (Table 2),A fter isolating the individual alkylbenzenes (Table 2) and the 
higher boiling fractions listed in Table 3 from the reaction mass, we obtained a solid product (residue) similar to 
paraffin wax with m.p. 45-46° and a mean molecular weight of 876, The infrared spectra of the products of free 
radical addition and telomerization were plotted, The number of CH, and CHg groups in the samples investigated 
was determined by the intensity of the bands at 2930 £5 cm™ €%) and 2960 5 cm™ (€"), which correspond 
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TABLE 2 


Alkylbenzene 


No. of 
groups 


CH, 


CH, 


Alkylben- 
zene yield 


C,H,—CH,CH,CH, 


CH,—CH 
NCH,— CH, 


C,H,—CH,CH,CH,CH,CH, 
C,H,—CH—CH,CH,CH,CH, 


153—154)0, 8616 


189-——190/0, 8610 


196—199/0,8576 
218—220)0, 8563 


1, 4906} 40,38 


1.4873) 49,55 


1,4880) 49,79 
14845} 58,96 


| 


= 
> 


H, 
H, 


242—244)0,8559/1 , 4854 


TABLE 3 


| Number of 
B.p. 

oc /mmHg Mol. groups 
weight 
| CH, CH, 


Fraction 
yleld * 


Fraction 


100—112/0,5 0,8628 1, 4861 


112—126/0,5 0,8604 1,4845 
126—152/0,5 


152/0,5—-160/1 


0, 8612 1,4848 


0, 8606 1, 4839 


160—170/1 0, 8633 1, 4833 


170/1—180/2 0,8597 1, 4820 


180—{ 85/2 0.8595 1, 4820 


185—190/2 0,8588 1,4812 


190/2—200/1 .0,8589 1,4812 


200—210/1 1,4810 
2410—240/1 


Residue 


*In Tables 2 and 3 the yield above the line is in grams, below, in percents, 


to the asymmetric valence oscillations in these groups, A directly proportional relation was observed between 
é* and the number of CHgs groups and the same was observed for €* and the number of CH, groups when n 2 3, 
The values of €* and €* and the number of CHg and CHg groups corresponding to them are given in Tables 1,2, 


and 3 for each sample investigated, The mean error in the measurements was ~ 3%, The measurements were 
made by E. D, Lubuzh, 


No. a. 
& | ra) 
10,40] 95 | 100 | 2] 4 | 
23 
2 49,69] 9 | 200 | 2] 2) 
AN 
3 | 46,69} 240 | 100 4 1| . 
4 58,99] 240 | 200 4 2 36 
| “38 
Cc 
| 
108 
5 69,06] 58,991 300 | 100 | 6 | 4 | 
27 
1 300 218 5 2 +5 
| 
400 237 6 2 
3 480 | 250 | 7 2.6 
5 690 | 304 | 10 4 a 
6 815 325 | 44.5 3 = 
2, 
735 | 308 | 41 3 
| 314 | 12 3 
ss | 320 | 12.6 | 3 | 
10 1000 | 307 | 44 
| 
1 1215 | 413 | 47 | 
— 876 | ooo | as | | 
177 


EXPERIMENTAL 


Addition of alkylbenzenes to a-olefins, All the addition reactions were carried out in a 200-ml steel auto- 
clave at 150-160°, Peroxide was added in 2-2.5 g portions to the contents of the cooled autoclave after approxi- 
mately equal time intervals. We give a description of one of the experiments (Experiment No.6, Table 1), A mix- 
ture consisting of 115 g (1.1 mole) of p-xylene,18 g (0.2 mole) of hexene-1, and 3 g of peroxide was heated in a 
an autoclave for 6 hours, The remaining 16 g of peroxide was added in 2 g portions at 5-8-hour intervals. Distil- 
lation of the reaction mixture yielded 10 g (0.05 mole) of p-methylheptylbenzene and 14 g (0.07 mole) of bi-p- 
xylyl with m.p, (after recrystallization from alcohol) 82-82,5°, The content of unsaturated compounds in the p- 


methylheptylbenzene, calculated from the bromine numbers, was 6,09, 5.05%; calculated on iodine numbers, 
4, 4,5%, 


Telomerization of ethylene with toluene, The reactions were carried out in a 2-liter steel autoclave, 
fitted with a stirrer, at 200-220° and an ethylene pressure of 130-140 atm, Into the ice-cooled autoclave was 
placed 640 g (6,25 mole) of toluene and ethylene introduced at a pressure of 40 atm, The autoclave was heated 
to 220° when the pressure rose to 140 atm, After this, a solution of 9 g (0,06 mole) of tertiary-buty] peroxide 
in 40 ml of toluene was introduced into the reaction mixture with stirring.The autoclave was heated for a further 
10 hours and then the toluene was distilled from the reaction mass, We obtained 89 g of higher-boiling residue. 
When the amount of peroxide introduced was increased, the amount of telomerization products formed increased. 
Thus, the use of 10, 20, and 30 g of peroxide (introduced in 5 g portions) led to the formation of 110, 163, and 
200 g of high-boiling products, respectively. The high-boiling substances obtained in ten experiments (1100 g) 
were first separated into three wide fractions by simple distillation; A) with b.p, up to 260°, 286 g (26 fo); B) 
with bp, 2608 (760 mm) — 290° (2 mm), 542 g (49.3%); C) residue (solid) 268 g (24.4%), Fraction A was distilled 
over metallic sodium to yield 273 g of a clear , colorless liquid, which was fractionated on a column, Distillation 
on the column yielded five individual alkylbenzenes, which were freed from impurities by chromatography on a 
column packed with silica gel. Table 2 gives the structures and properties of these hydrocarbons, The amounts 
of them given make no allowance for intermediate fractions, the weight of which was 82.7 g, The amount of 
heptylbenzene was the total from Fraction A (27 g) and Fraction B (81 g), By distillation over sodium, Fraction 
B was separated into narrower fractions, whose properties, molecular weights and amounts are given in Table 3, 
The high-molecular telomerization products (Fraction C and 60 g of residue, obtained by distillation of Fraction B) 
had m.p, 44-45° and a molecular weight of 876. According to elementary analysis data they contained 86-43% 
carbon and 13,58% hydrogen, The ultraviolet spectrum indicated the presence of aromatic rings in these products. 
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Comparatively few papers have been devoted to problems of the kinetics and mechanism of the formation 
of organomagnesium compounds [1-6]. It has been established that this reaction has a chain mechanism [4-6] 
and that the reaction rate, after attaining a maximum value, is directly proportiona! to the alkyl halide concen- 
tration and the size of the magnesium surface [3]. It has also been stated that the induction period observed for 
this reaction may be eliminated if the reaction is carried out in a medium in which one portion of the alky] 
halide has been reacted with magnesium a short time before the main reaction [3]. The explanation of this 
phenomenon is based on the assumption that the induction period is due to the need for preliminary purification 
of the magnesium surface, The same effect is ascribed to iodine when used as an activator as the latter does not 
affect the reaction rate after the maximum rate has been attained and only shortens the induction period [1,2]. 


It is known that the possibility of a reaction between 
0 magnesium and alky! halides and its rate depend to a large 
extent on the nature of the solvent [1]. The solvent must 
have an unshared electron pair. 


We investigated the kinetics of the reaction between 
butyl bromide and magnesium in absolute ether and in mix- 
tures of absolute ether and n-hexane, Both solvents were 
first purified and dried carefully, A thermographic method 
was used to follow the course of the reaction, The thermo- 
grams were used to calculate the corresponding kinetic 
curves using the coordinates: extend of conversion-time. 
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Two series of experiments were carried out, In the 
first series, the induction period was not eliminated, The 
thermograms and the kinetic curves obtained from them in 
this case have an appearance which is characteristic of the 
Fig. 1. Solvent — absolute ether, induction period given reaction, There was first an induction period during 
not eliminated, Solid lines — kinetic curves, which no indication of a reaction could be found, The 
broken lines ~ corresponding thermograms, 1) kinetic curve then had an S-shaped region, qualitatively 
Temperature 20°, initial butyl] bromide concen~- similar to an autocatalytic curve (see Fig. 1). 
tration, 0.5 mole/ liter, magnesium sample, 
1.5 g; 2) 20°, initial butyl bromide concentra- 
tion, 0,2 mole/lizer, magnesium sample, 1.5 g; 
3) 15°, initial butyl bromide concentration, 0.2 
mole/ liter, magi.esium sample, 4.5 g. 


Tem 


4 8 @ min 


In the second series of experiments, the induction 
period was eliminated by carrying out the reaction in a 
medium in which one portion of butyl bromide had already 
been reacted (Fig. 2). 
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Fig. 2, Solvent — absolute ether, induction Fig. 3. Solvent — mixture of ether and hexane, 
period eliminated, Thermostat temperature thermostat temperature 20°, 1) Ether concen- 
20° 1) Initial butyl bromide concentration, tration, 50 mol.%, initial butyl bromide con- 
0.2mole/ liter, magnesium sample, 1.5 g; centration, 0,2 mole/liter, magnesium sam~- 
2) initial butyl bromide concentration,0.2 ple, 1.5 g. Induction period eliminated; 2) 
mole/ liter, magnesium sample (fresh portion), ether concentration, 25 mol. %, initial butyl 
1.5 g; 3) initial butyl bromide concentra- bromide concentration, 0.5 mole/ liter, mag- 
tion, 0.1 mole/ liter, magnesium sample, 1.5 g. nesium sample 4,5 g. 


The formal rate constants ky for reactions in absolute ether with the induction period eliminated could be 
calculated according to the normal monomolecular law. For calculating the rate constants, with our experimental 
procedure we could also use the values characterizing the reaction rate and extent of conversion at the thermal 
maximum of the reaction where the rate of heat evolution, which is proportional to the reaction rate, equals the 
rate of heat loss due to cooling. The values for the rate constants ky calculated in this manner agree well with 
those calculated from the kinetic curves, either according to the monomolecular law or from the initial reaction 
rates. 


When the reaction was carried out in absolute ether, the themograms always had one maximum, With 
mixtures of ether and n-hexane, there were two or, at higher n-hexane concentrations, three maxima (Fig. 3). In 
passing from one maximum to the next along the time axis, the corresponding rate constant k, increased appre- 
ciably. 


The possibility of eliminating the induction period showed that the latter was not essentially connected with 
the reaction mechanism, but was due to side factors that couldbe eliminated. The fact that when the induction 
period had beeneliminated, the substitution of a fresh portion of magnesium for the one already reacted had practic- 
ally no effect on the form of the kinetic curve and the reaction rate (Fig. 2) indicated that the induction period 
was not connected with a need for purification of the magnesium surface, This phenomenon, as well as the form 
of the kinetic curves (absence of practically any signs of reaction during the induction period), indicated that the 
induction period was due to the effect of a strong inhibitor in the reaction mixture, Due to its high reactivity, 
this inhibitor “caught all the free radicals formed by the chain initiation reaction, As a result the chain reaction 
could not develop until all the inhibitor had reacted with the radicals formed by the initiation reaction, Elimina- 
tion of the induction period consisted of removal of the inhibitor, The proportionality of the reaction rate and the 
butyl bromide concentration under these conditions indicated that in the absence of inhibitor, the length of the 
chain reactions did not depend on the extent of the reaction, The presence of several maxima on the thermograms 
for reactions carried out in a mixture of ether and n-hexane may be explained by the presence in n-hexane of 
several less active inhibitors, which decrease the length of the chains by reacting with free radicals, Therefore, 
to ietermine the role of ether in the reaction we may use only the rate constant at the last thermal maximum, by 
which time all the inhibitors have reacted, This was also achieved by increasing the initial butyl bromide con- 
centrations in these cases, 


2 f 
| 

| 180 


TABLE 1 We checked that the reaction rate was proportional 


to the size of the magnesium surface, which was taken to 


40 ml, Thermostat Temperature, 15.0° be proportional to the weight of magnesium taken, The 
corresponding data are given in Table 1. 


10 Table 2 gives the data we obtained for the relation 
mole/ liter | sample, (average ‘Mg between the rate constant k, and the ether concentration 

8 in the mixtures of ether and n-hexane, The values given 
in Table 2 for the constant kg were calculated from the 
formula ky = where N, the mole fraction 
of ether in the ether-n-hexane mixture, The constancy 
of kg indicates that the reaction rate is proportional to tne 
ether concentration in the first degree. It follows from 
this that the reaction is of the third order and the reaction 
rate equals: 


1 
v= [C4HoBr], 


where Sug is the effective magnesium surface (it is assumed that SMg = 8Mg) 


Obviously, Equation (1) cannot be used to describe the reaction rate during the induction period right up 
to the maximum rate, 


In our opinion, the only possible scheme for the reaction mechanism which would include all the above 
peculiarities of the reaction investigated may be written in the following form: 


k 
1. C,HoBr Mg + MgBr, 
Cyllo- Mg CyHoMg, 


ky 
C,H +: CyHoMg : 5, 


‘ k 
CyHoMg -f- C,HoBr CaHgMgBr +: Cokly-, 


ky 
CyH Mg —+ X, 


Re 
C,H oMg +:i-—— y, 


where: § is ether and :i the active inhibitor, 


Reaction 1, chain initiation, is the slow, rate-limiting stage; reactions 2-6 are relatively rapid, The 
development of the chain cycle (reactions 2-4) is limited by competition between reaction 3 and reactions 5 and 
6. Chain termination occurs only as a result of the loss of CgHyMg radicals which occurs by the *normal * re- 
action [5] of chain termination and by reaction 6, in which the active inhibitor participates, The role of the 
ether consists of combining with CsHyMg radicals to form the complexes CgHgMg;S, which react readily with 
butyl bromide but do not, at the same time, participate in the chain termination reactions, If one assumes that 


Vg >> V5. Vg >> Vg and Vs >> vs, thenScheme 1-6 describe qualitatively the main experimentally observed 
peculiarities of this reaction, The kinetic differential equation is then written as follows: 


if — d{CyH,Br] / dt = Ryk (Rs + Re kiSme SmgNe {CaH 
t<[ily / Sag 
—d[CyHyBr] / dt = [CyH,Br], 
[ily 
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where [i]) and [C,H,Br]) are the initial inhibitor and butyl bromide concentrations and t is time. 


Integration of this equation and substitution of appropriate values for its parameters gave kinetic curves 
which were similar in appearance to those obtained experimentally, From what has been said above, the catalyttc 
activity of diethyl ether in the formation of butylmagnesium bromide from butyl bromide and magnesium js de- 
termined by two factors, The first of these is the "kinetic basicity” (nucleophilic character) of the ether, on which 
depends the rate of reaction 3 and the length of the chains, The second factor is the high reactivity of the 
CyHyMg:S complex, which ensures that each such complex reacts only with butyl bromide and hence v¢ vs. It is 
possible that the reactivity of this complex is related to the thermodynamic basicity of the ether, 


As regards the nature of the inhibitor, which produces the induction period, this problem cannot be solved 
by means of available data, It is possible that traces of dissolved oxygen, remaining in the reaction mixture 
despite the fact that all experiments were carried out in a nitrogen atmosphere, act as the inhibitor, 


TABLE 2 


Solution Volume 40 ml, Thermostat Temperature, 20° 


Init, butyl No, of max! + No, of 
mum on oy 
bromide eonc, 8 thermogram | (aver 4 Experiments 
mole/liter | age value) 


0, 2 
(),2and0,5 
G2 


* Induction period eliminated. 
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1,5 1,00 1 11,0 a” 
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1,5 0,50 4 4,3 1 
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As was shown previously [1], hydrogen bromide adds to acetylenedicarboxylic ester in glacial acetic acid 
at 20° to form approximately equal amounts of bromofumaric and bromomaleic esters, The reaction rate was 


described by an equation of the third order: 
v = kg [A] [HBr]. (1) 


Similar experiments were carried out in propionic acid, 
an equimolecular mixture of monochloro- and trichloroacetic 
acids, and also in glacial acetic acid at different temperatures, 
Equation (1) was found to be true for all the cases investigated, 
The rate constants of the reaction kg ( liter* mole™?- min“) 
are given in Table 1, 


Propi 
ixt. mono- 

oacetic acids 


roacetic acids 


Propionic 
acid 

Mixt. mono- 

and trichlo- 

and trichlo- 


The steric direction of the reaction depended on the 
solvent and also the temperature. The yield of the cis product 
is given in Fig. 1. The highest yield of cis adduct was observed 
in the mixture of monochloro- and tichloroacetic acids, 
acetic acid occupied an intermediate position, and the lowest 
yield of bromomaleic ester was obtained in propionic acid. The 
temperature had an appreciable effect only over definite 
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intervals wher the yield of the cis- adduct increased with a fall in temperature (first case). Above this range the 
steric direction of the reaction was practically independent of temperature (second case). In propionic acid over 
the range 0-C0", the first case was encountered, in acetic acid, both cases, one over the range 10-40° and the 
other at 40-80", and in the mixture of monochloro- and trichloroacetic acids, only the first case at 25- 40°. 


Since the over-all reaction remained third order for all temperatures and solvents, Equation (1) was also 
true for each of the reaction courses separately, Therefore, the value of kg was the sum ot the reaction constants 
of cis and trans addition and the values of the separate constants could be determined from the ratio of the yields 
of eachstereoisomer. Having obtained the rate constants of each process in this way, we calculated the activation 
energies, E, which are given in Table 2, 


It was found that the activation energies of trans addition remained constant over the whole temperature 
range investigated while, on the contrary, either higher or extremely low energies were observed for cis addition, 


TABLE 1 
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TABLE 2 From the data presented we can conclude that in all 
cases trans addition proceeds by the same mechanism, There 
E,kcal / mole are two mechanisms for cis addition; one of them requires a 
— high activation energy — 2 kcal higher than for trans addition 
— and therefore appears at a higher.temperature, while the 
other, on the contrary, requires an extremely low activation 
energy and therefor predominates at low temperatures, 


Solvent 
cis- | trans- 


Temp. in- 
terval, °C 


C,HsCO,H 0—60 13,6 
CHeCO.H 10—20 17,1 We consider that trans addition and cis addition with a 
The same 20—40 | 
4080 17" high activation energy proceed through open trimolecular 
+ complexes: 

+CH,CICO,H 25--45 20,8 


3 


Naturally, reaction through a cis complex of this type 
requires a high activation energy due to steric hindrance to 
the approach of both hydrogen bromide molecules to the one 
side of the linear molecule, 


3 


Cis addition with a low activation energy apparently 
proceeds through a complex with a ring structure; 


Yield of cis produc 


4 J 
0 0 40 60 80°C 


Fig. 1. Yield of cis product in percent of total 
stereoisomers; 1) C,HsCO,H; 2) CH3CO,H; 3) 
+ CH,C ICOgH. 

As the calculations of Ya, K. Syrkin [2] showed, a process 
involving a six-membered transition complex is always connected with a lower activation energy than with a 
complex of any other form. 


Apparently, the resulting activation energy of the process (which proceeds in two stages [1]) is determined 
by the energy of elimination of a proton in the final stage, The solvent may act as a proton acceptor and naturally, 
the more basic it is, the lower will be the activation energy due to the gain in the energy of proton addition, for 
example, to the carbonyl of the solvent, Therefore, the activation energy of processes occurring through the open 
complexes fall in the series ; mixture of monochloro- and trichloroacetic acids, acetic acid, and propionic acid. 
In the ring complex, the elimination of a proton occurs as the result of the formation of a new, undissociated 
molecule of hydrogen bromide and this naturally involves a further gain in energy, 


The difference in basicity of the solvent relative to hydrogen bromide also explains this difference in re- 
action rate in thm : the less hydrogen bromide there is bound to the solvent, the more rapidly the reaction 
proceeds, 


EXPERIMENT AL 


Dimethyl acetylenedicarboxylate, synthesized according to the directions in [3], was purified by vacuum 
distillation, Hydrogen bromide was obtained by the action of bromine on naphthalene and, after purification, was 
condensed by cooling in a mixture of solid carbon dioxide and acetone. By slow evaporation, the hydrogen bromide 
was distilled into the solvent contained in a special apparatus, After saturation, . the solution was transferred to 
tared ampoules, which were immediately sealed, For the kinetic experiments we made thick-walled ampoules 
with a volume of about 5 ml, and for preparative work, ampoules of up to 100 ml volume were used, The hydrogen 
bromide concentration for each series of experiments was determined by analysis of the solution in a few small 
ampoules from the series, 
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The kinetic experiments were carried out in an all-glass apparatus [4]. Into it was placed a solution of 
acetylenedicarboxylic ester and a small ampoule with a sample of hydrogen bromide solution. When the two 
solutions had reached the experimental temperature in a thermostat, the ampoule was crushed and the reaction 
components immediately mixed, The course of the reaction was followed from the fall in the titer of the hydro- 
gen bromide in samples, Samples of definite volume were poured into water, which stopped the reaction, and 
then titrated by the Volhard method, Errors in the determination, including the withdrawal of the sample, did 
not exceed 0.5 %, 


Data on the addition of hydrogen bromide in a mixture of monochloro- and trichloroacetic acids (the 
starting concentrations of HBr and A were identical) serves as an example of the course of a typical reaction, 


Expt. 1; 25° Expt®; 45° 
min 


0 0,435 -— 0,0350 
10 0,0290 0,0230 
£0 0,030 34,0 0,0183 
30 0,0193 0, 0160 
40) 0,0175 34,2 0,0140 


Preparative experiments were carried out under the same conditions as kinetic experiments. Solutions at 
the given temperature were mixed and held until the reaction was complete. The mixture was poured onto ice 
and the reaction products extracted with ether, The residue after evaporation of the solvent was fractionally dis- 
tilled in vacuum in an apparatus with a column, making it possible to separate the unreacted acetylenedicarboxylic 
ester completely and isolate a pure fraction of a mixture of bromofumaric and bromomaleic esters, Their contents 
in the mixture were determined quantitatively from the refractive index (np 1.4935 for the trans and 1.4861 for 
the cis adduct) and checked by freezing out the bromofumaric ester from the mixture, We assessed the accuracy 
of a separate determination as 4% for each component, 
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INVESTIGATION OF THE INDIVIDUAL HYDROCARBON COMPOSITION 
OF LIGROINES FROM THE CRACKING OF SURAKHANY TOP-GRADE 
PETROLEUM 


Academician A. V. Topchiev, I. A. Musaev, E. Kh, Iskhakova, 
N. M. Sardanashvili, A. N. Kislinskii, and G. D. Gal'pern 


(Translated fromgDoklady Akademii Nauk SSSR Vol. 130, No.6, 
pp. 1267-1269, 1960) 


Original article submitted August 2, 1959. 


In a previous communication [1] we described a combined method of investigating the detailed group 
chemical composition of three samples of ligroine fractions with b.p, 60-175°, obtained by thermal and catalytic 
cracking of distillates from Surakhany top-grade naphthene petroleum: ligroine from the catalytic cracking of the 
kerosene-gas oil fraction (L-12), ligroine from the thermal cracking of mazut (L~2), and ligroine from the thermal 
cracking of the kerosene~-gas oil fraction (L-11), 


In the present work we report the results of studying the individual hydrocarbon composition of fractions of 


the ligroines, collected at up to 60°, and of the aromatic hydrocarbons present in fractions boiling at 60-175° 
from the same ligroines. 


TABLE 1 
Aromatic Hydrocarbon Content of Fractions with bp, 60-175° from Cracking Ligroines (in weight percents) 


B. p. of frac - Ligroine~12 Ligroine-2 Ligroine-11 
tion (in °C) on li- | on li- 


Hydrocarbons groine | sroine 
up to | up to 
150° 175° 


on li- | on li- on li- | on li- 

groine | groine groirie | groine 
up to | up to up to | up to 
150° 175° 150° 175° 


60-95 | Benzene 1,44 1.14 0,27 0.21 3.45 2.76 
95-122 | Toluene 6.86 5.42 1.21 | 0.94 5.77 4,57 
122-150 | Ethylbenzene 3.75 2.98 0.94 | 0.73 1.76 1,39 
p- sae 3.02 2. 38 0.56 0.43 0.88 0.70 
m- — 5,29 4,17 1,32 1,02 1,76 1.39 
-Xylene 3,02 2. 38 0.75 | 0.58 1,18 0.93 
150-175 | 1-Methy1l-2-ethyl- 
benzene 1.26 0.15 0.82 
1-Methyl-3-ethyl- 
benzene ; traces 0.44 
1-Methyl-4-ethyl- 
benzene traces 5 
Mesitylene 1.89 10 
n-Propylbenzene traces 10 
Pseudocumene 8.19 30 
Hemimellitene 0.63 15 
sec -Butylbenzene , traces | traces 
tert -Butylbenzene traces 


on aro- 
matic 
fraction 


0.41 


0.15 
0.29 
0.29 
0.87 
0.44 
traces 
traces 


0.20 
0.20 
0.41 
1.22 
0.41 


* The aromatic hydrocarbons from fractions with b.p. 150-175° of L-2 and L-11 contained about 10% of 


unsaturated hydrocarbons which could not be identified. The aromatic hydrocarbon concentrations given 
in the table for these fractions are only a first approximation. 


F 


Investigation of the composition of fractions boiling 


Up to 60° —_—- Fractions collected at up to 60° on a column 
of 45 t.p. were separated into narrow fractions, The charac- 
teristics of the fractions are given in Table 2, Fractions 
boiling up to 26.5° were investigated on a gas-liquid chrom- 
atography apparatus [2] and the composition of fractions 
boiling over the range 26.5-60.0° was determined from the 
Raman spectra [3]. 


io- 

dine 

num- 
ber 


Data on the hydrocarbon composition of the head 
fractions of the ligroines are given in Table 3, The inves- 
tigation established that each of the three ligroines(frac- 
tions up to 60°) contained up to 30 individual hydrocar- 
bons, Quantitative analysis showed considerable difference 
in the concentrations of the separate components. The 
fraction boiling up to 60° from catalytic cracking ligroine 
(L-12) contained four hydrocarbons in concentrations ex- 
ceeding 5%: 2-methylbutane (36.4%), 2-methylbutene-2 
(15.1%), 2-methylpentane (8.6%), and n-butene (sum of 
1- and 2-butenes, 6.5%), 


Ligroine-11 


on lig- 
to 150° 


0. } i 
roine up| roine up 


)| yield (%) 


ield (% 
on lig- 
to 60° 


6350 
6404 


The fractions of thermal cracking ligroines (L-2 and 
L-12) contained eight hydrocarbons in concentrations above 
5% and six hydrocarbons in concentrations above 7%, In 
the case of L-2 these hydrocarbons were n-pentane (25.0%), 
2-methylbutane (11.1%), 2-methylbutene-2 (7.9%), 2- 
methylpentane and 4~methylpentene~1 (7.5% each), and 
pentene~1 (7.2%), In the case of L-11 these hydrocarbons 
were n-pentane (19.9%), 4-methylpentene~-1 (12.0%), 2- 
methylbutene-2- (10.0%), pentene~1 (7.7%), 2-methyl- 
butane (7.4%), and cyclopentane (7.2%), Considering that 
L-11 and L-12 were obtained from the same raw material 
and that the yield of fractions boiling up to 60° in L-12 was 
considerably higher (27% as compared with 9.2% in L-11), 
the difference in the nature of the ligroines, depending on 
their processing method, is shown particularly clearly, 


Ligroine-2 


yield (%)|yield (%) 
on lig- 


roine up |roine up 
to 150° 


on lig- 
to 60° 


The head fractions of catalytic cracking ligroine ap- 
parently can be regarded as potential raw materials for 
petrochemical synthesis based on isopentane, 2-methyl- 
butene-1, and 2-methylpentane, 


Ligroine-12 
1 
1 


yield (%) | yield (%) 


on lig- 


It is relatively easy to obtain n-butane, n-pentane, 
and such a-olefins as n-pe ntene~-1,2-methylbutene-1, 
and 4-methylpentene~-1 from the head fractions of thermal 
cracking ligroine . 


on lig- | 
to 150° 


roine up |roine up 


to 60° 


Investigation of the composition of aromatic frac- 
tions with bp, 60-175°. Aromatic hydrocarbons isolated 
from fractions with b.p. 60-175° by chromatography on 
silica gel were distilled over metallic sodium and then 
examined in fractions by means of the Raman spectra. 
The analysis results are presented in Table.1. 


Fraction 
collection 
temperature 
CC) 
\B.p.up to 60° 


‘ON to 8 The data obtained show that the over-all yield of 
uo}lorsi 4 aromatic hydrocarbons in L-12 was twice as great as in L-11 
and 5 times as great as in L-2, The main aromatic hydro- 
carbons in L-12 were pseudocumene (27% of the total 
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aromatic hydrocarbons and 8,2% of the ligroine up to 175°), toluene (18 and 5.4%, respectively), m-xylene (14 
and 2%), ethylbenzene (10 and 3.0%) and p-xylene (7,8 and 2.4%), For L-11 the aromatic hydrocarbons were 
toluene (30 and 4,6%), benzene (18 and 2.8%), m-xylene (9 and 1.4%), and ethylbenzene (9%), Finally, the 
aromatic hydrocarbons in L-2 were m~xylene (17 and 1,0%), toluene (14 and 0.94%), pseudocumene (13 and 
0.87%), and ethylbenzene (11 and 0,23 %) . 


G. N. Buturlova and M. S. Lentovskaya participated in the experimental part of the work. 


TABLE 3 


Hydrocarbon Composition of Fractions with b.p. up to 60° from Cracking Ligroines (in 
weight percents) 


Ligroine-12 Ligroine-2 Ligroine-11 


on frac- on frac- on frac- 
Hydrocarbons tion up 


Ethane + ethylene 0.03 
Propane + propylene ‘ bund 
n-Butenes 

3-Methylbutene-1 0,15 
2=Methylbutane . 78 0.68 
Ethylcyclopropane d traces 
Methylcyclobutane 
trans-Pentene -2 
cis-Pentene-2 
2-Methylbutene -2 
1-Methylcyclobutene-1 
3,3-Dimethylbutene-1 
Piperylene 
Cyclopentene 
Cyclopentane traces 
2,2-Dimethylbutane not f 
4-Methylpentene-1 traces 
3-Methylpentene -1 traces 
2,3-Dimethylbutene-1 traces 
cis-4-Methylpentene-2 
1,3-Dimethylcyclobutane 
2,3-Dimethylbutane 
trans-4-Methylpentene-2 
2-Methylpentane 


Total of Cy-C, 


DOOM 
ON 


C, — paraffins 


Those with: 
normal structure 
branched structure 
C, cycloparaffins 


Cs Ce olefins 
Those with: 
normal structure 
branched structure 
cycloolefins 
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Po 100.0 26.88 100.0 10.77 100,0 9,24 
fF 56.20 15,11 53,39 5.74 39.24 3,62 
1,93 0.52 31.29 3,36 22. 64 2.06 
54.27 14.59 22.10 2, 38 16.60 1.53 
++ ++ 3.98 0.43 1,23 0.67 
32.35 8.70 39, 98 4.28 51.84 4.44 
13.71 3.23 11.66 1.26 16.56 ee 

18. 64 5.47 28. 32 3.02 31.62 
1.16 0,31 0,82 0,09 3.66 0.34 
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AGING AND STABILIZATION OF POLYMERS 


Edited by M. B. Neiman 


Institute of Chemical Physics, Academy of Sciences of the USSR 


“.. fone] of the most important books on polymers published during 1965... .” 


In this comprehensive survey of research on the 
processes that cause deterioration of the proper- 
ties of polymers and polymer products, and the 
means that are currently used and may conceivably 
be used to combat deterioration, the theoretical 
bases of these effects are systematically presented. 


Written by fourteen specialists on polymer stabili- 
zation, the volume has been extensively revised for 
the English edition and contains a new chapter on 
the destruction and stabilization of polyformalde- 
hyde. The contents are applicable to such practical 
problems as the improvement of polymer produc- 
tion and the stabilization of polymers in the plas- 
tics, rubber, chemical, and paint industries — and 
will be found of exceptional interest to specialists 
in these industries. This volume can be used as a 
reference work for its extensive bibliography which 
includes 1156 references to Soviet and non-Soviet 
periodical and patent literature. 


CONTENTS: Mechanism of the Thermooxidative Destruc- 
tion and Stabilization of Polymers, M. B. Neiman: Oxida- 
tion in the gas and liquid phases * Oxidation in the solid 
phase * Oxidation in polypropylene * Autoinhibition of the 
oxidation of polymers * Critical concentration of antioxi- 
dants * Initiation of oxidation by antioxidants * Theory of 
synergism * Free radicals as stabilizers * Boric stabilizers ° 
Stable Radicals of Inhibitors of Oxidative Processes, A. L. 
Buchachenko: Phenoxyl radicals * Stable radicals of naph- 
thols * Stable radicals of aromatic amines * Formation of 
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dants * Aging and Stabilization of Polyolefins, A. F. 
Lukovnikov and E. N. Matveeta: Oxidative destruction of 
polyolefins * Stabilization of polyolefins against oxidative 
destruction * Destruction of polyolefins under the action 
of light * Increasing the light stability of polyolefins 
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Aging and Stabilization of Polyformaldehyde, B. M. Ko- 
varskaya and M. B. Neiman: Thermal and thermooxidative 
destruction * Stabilization of polyformaldehyde * Bonding 
of formaldehyde by polyamides * Inhibition of the process 
of oxidation of polyformaldehyde by inhibitors, derivatives 
of aromatic amines and phenols, phosphites, and sulfur- 
containing compounds ®* Inhibition of the oxidation of poly- 
formaldehyde by radical-type inhibitors * Consumption of 
nitrogen oxide stable radicals in the thermal oxidation of 
polyformaldehyde * Aging and Stabilization of Polyvinyl 
Chloride and Copolymers of Vinyl Chloride, A. A. Berlin, 
D. M. Yanovskii, and Z. V. Popova: Factors determining 
the mechanism and rate of decomposition of polyvinyl 
chloride * General principles of the stabilization of poly- 
vinyl chloride * Methods of evaluating the effectiveness of 
the action of polyvinyl chloride stabilizers * Stabilizers of 
polyvinyl chloride and vinyl chloride copolymers * Aging 
and Stabilization of Polyamides, /. /. Levantovskaya: 
Thermal aging of polyamides * Thermal oxidation of poly- 
amides * Stabilization of polyamides against thermal oxi- 
dation * Photoaging of polyamides * Photostabilization of 
polyamides * Aging of Certain Condensation Polymers, 
B. M. Kovarskaya: Epoxide resins * Phenol-formaldehyde 
resins * Polyarylates * Polycarbonate * Aging of Polymers 
with Inorganic Principal Chains of the Molecules, Framed 
by Organic Groups, K. A. Andrianov * Aging and Stabili- 
zation of Raw and Cured Rubbers, A. S. Kuz'minskii: 
Thermal oxidation of raw rubbers in the presence of inhibi- 
tors * Thermal oxidation of cured rubbers * Light aging 
Aging of raw rubbers at high temperatures * Corrosion 
cracking of cured rubbers * Aging of polymers under the 
action of ionizing radiations * Influence of mechanical 
stresses on the aging of cured rubbers * Mechanochemical 
Processes in Highly Elastic Polymers, G. L. Slonimskii: 
Cleavage of the macromolecule * Mechanochemical phe- 
nomena in the case of repeated deformation of highly elas- 
tic polymers * Mechanochemical phenomena in the re- 
processing of highly elastic polymers. 
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Translated from Russian by Geoffrey D. Archard 
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Devoted to a consideration of the mechanism and kinetics 
of crystallization and the production of single-crystal semi- 
conductor materials, their purification and the controlled 
distritpution of impurities. Several articles in this important 
new volume cover theoretical and experimental aspects of 
the relief and the state of the surface of growing crystals 
and the surface energy at crystal-melt boundaries. Attention 
is given to the competing mechanism in crystallization proc- 
esses, compared with experimental data on the temperature- 
dependence of crystallization parameters, the linear velocity 
of crystallization, and the rate of crystal growth. A number 
of papers consider the structural and kinetic laws of crystal 
dissolution and the role of the structure of liquids in crystal- 
lization processes. 


Most of the articles in this collection were presented at the 
All-Union Conference on the Theory of Crystallization, 
Thermodynamics, and the Kinetics of Phase Transforma- 
tions. Translated from a four-part Russian volume, Mecha- 
nism and Kinetics of Crystallization, the present work com- 
prises two of the sections. The remaining two parts are being 
published simultaneously in a translation entitled Solid State 
Transformations. The Russian text from which the transla- 
tion was prepared was thoroughly corrected by the editors. 


CONTENTS: Experimental and Theoretical Study of Processes of Crystal- 
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the temperature dependence of the linear crystallization rate of salol, 
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